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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an optical control 
system optical path switching type light signal transmission 
apparatus operating at high speed and having high durability and 
no polarization dependence and to provide a method for 
switching light signal optical paths. 

SOLUTION: In the method for switching a light signal optical 
paths, disposition of heat lens forming elements 1, 2 and 3 each 
comprising at least a light absorption layer membrane is so 
adjusted that at least control light beams 121, 122 and 123 are 
focused in the respective light absorption layer membranes 
when the light absorption layer films are convergently irradiated 
with the control light beams 121, 122 and 123 having 
wavelengths selected from wavelength bands which are 
absorbed by the light absorption layer membranes and different 
from each other and signal light beams 110, 111 and 112 having 
a single wavelength selected from wavelength bands which is 
not absorbed by the light absorption layer membranes and the 
optical path is changed by using the heat lenses based on the 
distribution of refractive indices reversibly generated and 
caused by temperature increase generated in the regions where the light absorption layer membranes 
absorb the control light beams 121, 122 and 123 and their peripheral regions. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation, 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

The signal light light source which irradiates the signal light of one or more kinds of wavelength, 

The control light light source which irradiates the control light of two or more kinds of different wavelength 

from said signal light, 

Said signal light is two or more light absorption layer membranes which penetrate and absorb respectively 
only one kind of specific wavelength of said control light alternatively, 

A means to make converge said control light and said signal light on each of said light absorption layer 
membranes respectively, and to irradiate it, 

By using the heat lens based on distribution of the refractive index which originates in the temperature rise 
which happens to the field where said light absorption layer membrane absorbed the control light of one 
kind of said specific wavelength, and its boundary region including said light absorption layer membrane, 
and is produced reversibly Two or more heat lens formation components which are made to carry out 
adjustable [ of the aperture include angle of signal light ], and carry out outgoing radiation or it carries out 
outgoing radiation according to the existence of an exposure of the control light of one kind of said specific 
wavelength, with said signal light completed which it converged, 

The mirror to which an optical path is changed by making said hole pass the signal light which is the mirror 
which has the hole of each of said heat lens formation component prepared back respectively, and a 
reflective means, and carried out outgoing radiation of said heat lens formation component according to the 
existence of an exposure of the control light of one kind of said specific wavelength, or making it reflect 
with said reflective means, 

Optical controlling expression optical-path change mold lightwave signal transmission equipment 
characterized by preparation ******. 
[Claim 2] 

The signal light light source which irradiates the signal light of one or more kinds of wavelength, 

The control light light source which irradiates the control light of two or more kinds of different wavelength 

from said signal light, 

Said signal light is two or more light absorption layer membranes which penetrate and absorb respectively 
only one kind of specific wavelength of said control light alternatively, 

A means to make converge said control light and said signal light on each of said light absorption layer 
membranes respectively, and to irradiate it, 

It has 2 or more sets of optical -path change devices which consist of combination of the mirror which has a 
heat lens formation component and a hole, 

Said heat lens formation component by using the heat lens based on distribution of the refractive index 
which originates in the temperature rise which happens to the field where said light absorption layer 
membrane absorbed the control light of one kind of said specific wavelength, and its boundary region 
including said light absorption layer membrane, and is produced reversibly When the control light of one 
kind of said specific wavelength is not irradiated and a heat lens is not formed, outgoing radiation of said 
signal light which it converged is carried out at the usual aperture include angle. Outgoing radiation is 
carried out at an aperture include angle with said signal light larger when the control light of one kind of 
said specific wavelength is irradiated and a heat lens is formed near the plane of incidence of said light 
absorption layer membrane which it converged than the usual aperture include angle. It is the heat lens 
formation component which makes the aperture include angle of said signal light by which outgoing 
radiation is carried out according to the existence of an exposure of the control light of one kind of said 

http://www4.ipdl.ncipi.go jp/cgi-bin/tran_web_cgi_ejje?u=http%3A%2F%2Fwww4.ipdl.ncipi.... 7/20/2006 



JP,2005-234356,A [CLAIMS] 



Page 2 of 6 



specific wavelength change, 

When the control light of one kind of said specific wavelength is not irradiated and a heat lens is not formed, 
the mirror which has said hole said signal light which carries out outgoing radiation from said heat lens 
formation component at the usual aperture include angle as it is Or the hole which passes either of the signal 
light which made said aperture include angle change with a light-receiving lens, When the control light of 
one kind of said specific wavelength is irradiated and a heat lens is formed near the plane of incidence of 
said light absorption layer membrane, said signal light which carries out outgoing radiation while spreading 
from said heat lens formation component at a larger aperture include angle than usual as it is Or optical 
controlling expression optical-path change mold lightwave signal transmission equipment which is the 
mirror which it has [ mirror ] a reflective means to reflect either of the signal light which made said aperture 
include angle change, and makes an optical path change with said light-receiving lens 
[Claim 3] 

The signal light light source which irradiates the signal light of one or more kinds of wavelength, 

The control light light source which irradiates the control light of two or more kinds of different wavelength 

from said signal light, 

Said signal light is two or more light absorption layer membranes which penetrate and absorb respectively 
only one kind of specific wavelength of said control light alternatively, 

A means to make converge said control light and said signal light on each of said light absorption layer 
membranes respectively, and to irradiate it, 

It has 2 or more sets of optical-path change devices which consist of combination of the mirror which has a 
heat lens formation component and a hole, 

Said heat lens formation component by using the heat lens based on distribution of the refractive index 
which originates in the temperature rise which happens to the field where said light absorption layer 
membrane absorbed the control light of one kind of said specific wavelength, and its boundary region 
including said light absorption layer membrane, and is produced reversibly Outgoing radiation is carried out 
while it had converged said signal light which it converged, when the control light of one kind of said 
specific wavelength was irradiated and a heat lens was formed near the outgoing radiation side of said light 
absorption layer membrane. When control light is not irradiated and a heat lens is not formed, said signal 
light which it converged is the heat lens formation component which makes the aperture include angle of 
said signal light by which outgoing radiation is carried out at the usual aperture include angle, and outgoing 
radiation is carried out according to the existence of an exposure of the control light of one kind of said 
specific wavelength change, 

The hole which passes said signal light which carries out outgoing radiation from said heat lens formation 
component while it had converged the mirror which has said hole, when the control light of one kind of said 
specific wavelength was irradiated and a heat lens was formed near the outgoing radiation side of said light 
absorption layer membrane, and which it converged, When the control light of one kind of said specific 
wavelength is not irradiated and a heat lens is not formed, said signal light which carries out outgoing 
radiation from said heat lens formation component at the usual aperture include angle as it is Or optical 
controlling expression optical-path change mold lightwave signal transmission equipment which is the 
mirror which it has [ mirror ] a reflective means to reflect either of the signal light which made the light- 
receiving lens prepared in order to make said aperture include angle change penetrate, and makes an optical 
path change. 
[Claim 4] 

The signal light light source which irradiates the signal light of one or more kinds of wavelength, 

The control light light source which controls the control light of two or more kinds of different wavelength 

from said signal light, 

Said signal light is two or more light absorption layer membranes which penetrate and absorb respectively 
only one kind of specific wavelength of said control light alternatively, 

A means to make converge said control light and said signal light on each of said light absorption layer 
membranes respectively, and to irradiate it, 

One or more sets of 1st optical-path change devices which consist of combination with the mirror which has 
the 1st heat lens formation component and 1st hole, 

It has 1 or more sets of 2nd optical-path change devices which consist of combination with the mirror which 
has the 2nd heat lens formation component and 2nd hole, 

The 1st heat lens formation component by using the heat lens based on distribution of the refractive index 
which originates in the temperature rise which happens to the field where said light absorption layer 
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membrane absorbed the control light of one kind of said specific wavelength, and its boundary region 
including said light absorption layer membrane, and is produced reversibly When the control light of one 
kind of said specific wavelength is not irradiated and a heat lens is not formed, outgoing radiation of said 
signal light which it converged is carried out at the usual aperture include angle. Outgoing radiation is 
carried out at an aperture include angle with said signal light larger when the control light of one kind of 
said specific wavelength is irradiated and a heat lens is formed near the plane of incidence of said light 
absorption layer membrane which it converged than the usual aperture include angle. It is the heat lens 
formation component which makes the aperture include angle of said signal light by which outgoing 
radiation is carried out according to the existence of an exposure of the control light of one kind of said 
specific wavelength change, 

When the control light of one kind of said specific wavelength is not irradiated and a heat lens is not formed, 
the mirror which has the 1 st hole said signal light which carries out outgoing radiation from said heat lens 
formation component at the usual aperture include angle as it is Or the hole which passes either of the signal 
light which made said aperture include angle change with a light-receiving lens, When the control light of 
one kind of said specific wavelength is irradiated and a heat lens is formed near the plane of incidence of 
said light absorption layer membrane, said signal light which carries out outgoing radiation while spreading 
from said heat lens formation component at a larger aperture include angle than usual as it is Or it is the 
mirror which it has [ mirror ] a reflective means to reflect either of the signal light which made said aperture 
include angle change, and makes an optical path change with said light-receiving lens, 
The 2nd heat lens formation component by using the heat lens based on distribution of the refractive index 
which originates in the temperature rise which happens to the field where said light absorption layer 
membrane absorbed the control light of one kind of said specific wavelength, and its boundary region 
including said light absorption layer membrane, and is produced reversibly Outgoing radiation is carried out 
while it had converged said signal light which it converged, when control light was irradiated and a heat lens 
was formed near the outgoing radiation side of said light absorption layer membrane. When the control light 
of one kind of said specific wavelength is not irradiated and a heat lens is not formed, said signal light which 
it converged is the heat lens formation component which makes the aperture include angle of said signal 
light by which outgoing radiation is carried out at the usual aperture include angle, and outgoing radiation is 
carried out according to the existence of an exposure of the control light of one kind of said specific 
wavelength change, 

When the control light of one kind of said specific wavelength is irradiated and a heat lens is formed near 
the outgoing radiation side of said light absorption layer membrane, the mirror which has the 2nd hole The 
hole which passes said signal light which carries out outgoing radiation from said heat lens formation 
component while it had converged, and which it converged, When the control light of one kind of said 
specific wavelength is not irradiated and a heat lens is not formed, said signal light which carries out 
outgoing radiation from said heat lens formation component at the usual aperture include angle as it is Or 
optical controlling expression optical-path change mold lightwave signal transmission equipment which is 
the mirror which it has [ mirror ] a reflective means to reflect either of the signal light which made the light- 
receiving lens prepared in order to make said aperture include angle change penetrate, and makes an optical 
path change. 
[Claim 5] 

Optical controlling expression optical-path change mold lightwave signal transmission equipment according 
to claim 2 with which said 2 or more sets of optical-path change devices are characterized by connecting 
with the serial through direct or optical-fiber coupled systems through space. 
[Claim 6] 

Optical controlling expression optical-path change mold lightwave signal transmission equipment according 
to claim 3 with which said 2 or more sets of optical-path change devices are characterized by connecting 
with the serial through direct or optical-fiber coupled systems through space. 
[Claim 7] 

Optical controlling expression optical-path change mold lightwave signal transmission equipment according 
to claim 4 with which said 2 or more sets of optical-path change devices are characterized by connecting 
with the serial through direct or optical-fiber coupled systems through space. 
[Claim 8] 

Optical controlling expression optical-path change mold lightwave signal transmission equipment according 
to claim 2 characterized by for said 3 or more sets of optical-path change devices branching to the 2-way of 
the direction which goes straight on through the hole of said mirror through direct or optical-fiber coupled 
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systems through space for every step of connection, and the direction to reflect, and connecting them with 

multistage. 

[Claim 9] 

Optical controlling expression optical-path change mold lightwave signal transmission equipment according 
to claim 3 characterized by for said 3 or more sets of optical-path change devices branching to the 2-way of 
the direction which goes straight on through the hole of said mirror through direct or optical-fiber coupled 
systems through space for every step of connection, and the direction to reflect, and connecting them with 
multistage. 
[Claim 10] 

Optical controlling expression optical -path change mold lightwave signal transmission equipment according 
to claim 4 characterized by for said 3 or more sets of optical-path change devices branching to the 2-way of 
the direction which goes straight on through the hole of said mirror through direct or optical-fiber coupled 
systems through space for every step of connection, and the direction to reflect, and connecting them with 
multistage. 
[Claim 11] 

Signal light of one or more kinds of wavelength and control light of two or more kinds of different 
wavelength from said signal light are substantially advanced in the same axle and this direction, 
Said signal light penetrates, completes said control light and said signal light as each of two or more light 
absorption layer membranes which absorb respectively only one kind of specific wavelength of said control 
light alternatively respectively, and irradiates it, 

In each of two or more heat lens formation components containing said light absorption layer membrane By 
using the heat lens based on distribution of the refractive index which said light absorption layer membrane 
originates in the temperature rise which happens to the field which absorbed the control light of one kind of 
said specific wavelength, and its boundary region, and produces reversibly Outgoing radiation is carried out 
according to the existence of an exposure of the control light of one kind of said specific wavelength, with 
said signal light completed which it converged, or adjustable [ of the aperture include angle of signal light ] 
is carried out, and it carries out outgoing radiation, 

The lightwave signal optical-path change approach characterized by making an optical path change by 
carrying out passage rectilinear propagation of the signal light which carried out outgoing radiation from 
said heat lens formation component from said hole according to the existence of an exposure of the control 
light of one kind of said specific wavelength using the mirror with a hole which has a reflector, or making it 
reflect in a reflector. 
[Claim 12] 

Signal light of one or more kinds of wavelength and control light of two or more kinds of different 
wavelength from said signal light are substantially advanced in the same axle and this direction, 
Said signal light penetrates, completes said control light and said signal light as each of two or more light 
absorption layer membranes which absorb respectively only one kind of specific wavelength of said control 
light alternatively respectively, and irradiates it, 

In each of two or more heat lens formation components containing said light absorption layer membrane By 
using the heat lens based on distribution of the refractive index which said light absorption layer membrane 
originates in the temperature rise which happens to the field which absorbed the control light of one kind of 
said specific wavelength, and its boundary region, and produces reversibly When the control light of one 
kind of said specific wavelength is not irradiated and a heat lens is not formed near the plane of incidence of 
said light absorption layer membrane, outgoing radiation of said signal light which it converged is carried 
out from said heat lens formation component at the usual aperture include angle. Outgoing radiation is 
carried out from said heat lens formation component at an aperture include angle with said signal light larger 
when the control light of one kind of said specific wavelength is irradiated and a heat lens is formed which it 
converged than the usual aperture include angle. The aperture include angle of said signal light by which 
outgoing radiation is carried out according to the existence of an exposure of the control light of one kind of 
said specific wavelength is made to change. 

When the control light of one kind of said specific wavelength is not irradiated and a heat lens is not formed, 
the hole of a mirror with a hole is passed and either of the signal light which made said aperture include 
angle change said signal light which carries out outgoing radiation with remaining as it is or a light- 
receiving lens is made to go straight on from said heat lens formation component at the usual aperture 
include angle. 

On the other hand, when the control light of one kind of said specific wavelength is irradiated and a heat 
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lens is formed near the plane of incidence of said light absorption layer membrane Said signal light which 
carries out outgoing radiation while spreading from said heat lens formation component at a larger aperture 
include angle than usual as it is Or the lightwave signal optical-path change approach characterized by 
making an optical path change by reflecting either of the signal light which made said aperture include angle 
change using the reflector of said mirror with a hole with a light-receiving lens. 
[Claim 13] 

Signal light of one or more kinds of wavelength and control light of two or more kinds of different 
wavelength from said signal light are substantially advanced in the same axle and this direction, 
Said signal light penetrates, completes said control light and said signal light as each of two or more light 
absorption layer membranes which absorb respectively only one kind of specific wavelength of said control 
light alternatively respectively, and irradiates it, 

In each of two or more heat lens formation components containing said light absorption layer membrane By 
using the heat lens based on distribution of the refractive index which said light absorption layer membrane 
originates in the temperature rise which happens to the field which absorbed the control light of one kind of 
said specific wavelength, and its boundary region, and produces reversibly When the control light of one 
kind of said specific wavelength was irradiated and a heat lens was formed near the outgoing radiation side 
of said light absorption layer membrane, while it had converged said signal light which it converged, 
outgoing radiation is carried out from said heat lens formation component. When the control light of one 
kind of said specific wavelength is not irradiated and a heat lens is not formed, said signal light which it 
converged makes the aperture include angle of said signal light by which outgoing radiation is carried out 
from said heat lens formation component at the usual aperture include angle, and outgoing radiation is 
carried out according to the existence of an exposure of the control light of one kind of said specific 
wavelength change. 

When the control light of one kind of said specific wavelength is irradiated and a heat lens is formed near 
the outgoing radiation side of said light absorption layer membrane, the hole of a mirror with a hole is 
passed and said signal light which carries out outgoing radiation and which it converged is made to go 
straight on from said heat lens formation component, while it had converged. 

When the control light of one kind of said specific wavelength is not irradiated and a heat lens is not formed, 
on the other hand, the optical path of said signal light which carries out outgoing radiation from said heat 
lens formation component at the usual aperture include angle as it is Or the lightwave signal optical-path 
change approach characterized by making an optical path change by reflecting either of the signal light 
which made said aperture include angle change using the reflector of said mirror with a hole with a light- 
receiving lens. 
[Claim 14] 

Make light of long wave length into signal light most among the light of two or more wavelength, and light 
of two or more wavelength shorter than signal light is made into control light. The optical -path change 
device in which the wavelength which the heat lens formation component in said optical-path change device 
absorbs is the shortest is made into the 1st step. Optical controlling expression optical-path change mold 
lightwave signal transmission equipment according to claim 2 characterized by connecting a latter optical- 
path change device with the order to which each wavelength which the heat lens formation component of 
said optical-path change device after the 2nd step absorbs becomes long. 
[Claim 15] 

Make light of long wave length into signal light most among the light of two or more wavelength, and light 
of two or more wavelength shorter than signal light is made into control light. The optical-path change 
device in which the wavelength which the heat lens formation component in said optical-path change device 
absorbs is the shortest is made into the 1st step. Optical controlling expression optical-path change mold 
lightwave signal transmission equipment according to claim 3 characterized by connecting a latter optical- 
path change device with the order to which each wavelength which the heat lens formation component of 
said optical-path change device after the 2nd step absorbs becomes long. 
[Claim 16] 

Make light of long wave length into signal light most among the light of two or more wavelength, and light 
of two or more wavelength shorter than signal light is made into control light. The optical-path change 
device in which the wavelength which the heat lens formation component in said optical-path change device 
absorbs is the shortest is made into the 1st step. Optical controlling expression optical-path change mold 
lightwave signal transmission equipment according to claim 4 characterized by connecting a latter optical- 
path change device with the order to which each wavelength which the heat lens formation component of 
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said optical-path change device after the 2nd step absorbs becomes long. 

[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 

[Field of the Invention] 

[0001] 

This invention relates to the optical controlling expression optical-path change mold lightwave signal 
transmission equipment and the lightwave signal optical-path change approach which are used in the 
optical-communication field and the optical-information-processing field. 
[Background of the Invention] 
[0002] 

Since it corresponds to the explosive increase of the network traffic accompanying the spread of the 
Internet, and the inside of a firm and domestic intranets, the optical-path transfer device which does not go 
via an electrical signal (optical switch), i.e., optical - light direct switch, is called for. As an optical fiber, 
optical waveguide, or the route to which the light which spreads space progresses, i.e., the equipment and 
the approach which change an optical path For example, the space division mold which changes an optical 
path between the optical waveguides within optical waveguide, The wavelength division multiplex mold 
which divides and changes the light of two or more multiplexed wavelength to the optical path according to 
wavelength, Methods, such as a Time-Division-Multiplexing mold which changes the optical path of the 
light by which time-division multiplexing was carried out for every fixed time amount, and a free space 
mold which uses a mirror, a shutter, etc., and divides and compounds spatially the optical path of the light 
which spreads space, are learned. Multiplexing respectively can also use these methods combining plurality. 

[0003] 

Although what is made to penetrate the light which has spread waveguide by changing the refractive index 
of waveguide to a space division mold optical switch by part for what makes the copy of a lightwave signal 
from the thing and the optical turnout using a directional coupler, and turns light on and off by the gate 
component, a crossover, or the intersection of Y branch, or is reflected is proposed, it is still a researches- 
and-developments phase. Although it is said that the thing using the thermooptic effect by electric heater 
heating is approaching utilization in order to change the refractive index of the waveguide of a Mach- 
Zehnder-interferometer mold optical waveguide switch, it has the fault that an electrical signal must be used 
in order that it is not only late, but a speed of response may operate an optical switch with 1 ms extent. 
[0004] 

A micro electro mechanical system (written as Micro Electro Mechanical System;MEMS), exciton 
absorption / reflective switch (written as an Exciton Absorption Reflection Switch;EARS switch), the 
multistage beam shifter mold optical switch, the hologram mold optical switch, the liquid crystal switch, etc. 
are considered by the free space mold optical switch. These have technical problems, like that the amount of 
mechanical moving part is and there is a polarization dependency, and cannot say that it is still in a practical 
use phase enough. 
[0005] 

Permeability change and refractive-index change which are caused to an optical element by irradiating light 
on the other hand are used, and research of the all-optical optical element which modulates luminous 
intensity and a frequency with light, or an optical control system is done briskly directly, this invention 
persons have studied the optical control system using the organic nano particle light-and-heat lens formation 
component (nonpatent literature 1 reference) which distributed organic-coloring-matter floe to the polymer 
matrix aiming at development of the new information processing technique by an all-optical optical element 
etc. By the method which modulates signal light (780nm) by current and control light (633nm), it is 
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characterized by carrying out the same axle and parfocal incidence of control light and the signal light, the 
component of the principle of operation that signal light is refracted with the heat lens transitionally formed 
of the control absorption of light is developed, and the high-speed response for about 20 nanoseconds is 
attained. It is the optical control approach of irradiating control light at the optical element which consists of 
an optical responsibility constituent, and performing said signal luminous-intensity modulation and/or 
luminous-density modulation which penetrate said optical element when control light changes reversibly the 
permeability and/or refractive index of signal light in a different wavelength band. Complete respectively 
said control light and said signal light, and it irradiates to said optical element, and The field where the 
photon density near each focus (beam waist) of said control light and said signal light is the highest sets in 
said optical element. The optical control approach characterized by adjusting the optical path of said control 
light and said signal light so that it may overlap mutually is indicated (from the patent reference 1 to patent 
reference 7 reference). The control light and signal light from which wavelength differs mutually in the 
optical element which consists of an optical responsibility constituent are irradiated. The wavelength of said 
control light shall be chosen from the wavelength band which said optical responsibility constituent absorbs. 
The heat lens based on distribution of the consistency change resulting from the temperature rise which said 
optical responsibility constituent generates in the field which absorbed said control light, and its boundary 
region is made to form reversibly. The optical control approach of performing the signal luminous-intensity 
modulation and/or luminous-density modulation which penetrate said heat lens is indicated (patent reference 
8 reference). And for example, coloring matter / resin film, and the coloring matter solution film are used as 
the above-mentioned optical element, and the power 2 of control light thru/or the response time of the signal 
light to the control light exposure in 25mW are indicated to be less than 2 microseconds (patent reference 8 
reference). 
[0006] 

The optical-refraction effectiveness which functions like [ the distribution to which temperature distribution 
arise when the molecule which absorbed light in a part for the core of light absorption with the thermal 
lensing effect here changes light into heat and this heat spreads around, consequently the refractive index of 
a light-transmission medium changes spherically towards the exterior from a light absorption core, and a 
refractive index becomes high towards / the refractive index based on light absorption is low, and / the 
exterior is produced, and ] a concave lens in this is shown. The thermal lensing effect is used in the field of 
spectral analysis for many years, and super-high sensitivity spectral analysis which also detects the light 
absorption by one molecule is also possible in current (nonpatent literature 2 and nonpatent literature 3 
reference). 
[0007] 

As a method which deflects an optical path using the refractive-index change by the thermal lensing effect 
thru/or heat, heat is given to a medium by the exoergic resistor, refractive-index distribution is produced in a 
medium, and the approach of deflecting light is indicated (patent reference 9 reference). However, since 
above-mentioned technique will be made to generate heat by the exoergic resistor and a medium will be 
heated by heat conduction, it has a problem of "the flare of heat" essentially. That is, it is difficult to be 
unable to give a detailed heat gradient within a large area, but to acquire desired refractive-index distribution 
by the flare of heat. Furthermore, even if micro processing of an exoergic resistor adopts the 
photolithography technique used with the semiconductor integrated circuit, it has an actually fixed limitation 
and a component cannot but enlarge it. if a component is enlarged, in connection with it, optical system is 
also complicated - and it enlarges. Moreover, since it will be made to generate heat by the exoergic resistor 
and a medium will be heated by heat conduction, it has the fault that a response is slow and cannot raise the 
frequency of refractive-index change, as an essential problem. 
[0008] 

Moreover, intensity-distribution adjustment devices for irradiating light by wedge-shaped optical intensity 
distribution are consisted of at least by the optical element which consists of an optical response constituent, 
and this optical element, refractive-index distribution is formed into said optical element by control light, 
and the deviation component using the optical element characterized by deflecting signal light of the 
wavelength which differs from said control light according to this refractive-index distribution is indicated 
(patent reference 10 reference). Although this method is excellent in the point which controls light by light, 
it has constraint of less than 30 degrees in a deflecting angle, and has the problem that the optical-path 
change direction cannot be set up freely. 
[0009] 

Then, in order that this invention persons may offer the optical-path transfer device with little attenuation on 
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the strength [ optical ] in which multiply-connected use is possible and the optical-path change approach of 
signal light which can be set up freely for the include angle and direction of an optical-path change without 
a polarization dependency, The control light of the wavelength chosen as the light absorption layer 
membrane in the heat lens formation component which contains a light absorption layer membrane at least 
from the wavelength band which said light absorption layer membrane absorbs, And make it converge 
respectively and the signal light of the wavelength chosen from the wavelength band which said light 
absorption layer membrane does not absorb is irradiated. Arrangement is adjusted so that said control light 
may connect a focus in said light absorption layer membrane at least. By using the heat lens based on 
distribution of the refractive index which said light absorption layer membrane originates in the temperature 
rise which happens to the field which absorbed said control light, and its boundary region, and produces 
reversibly The condition that said signal light which it converged carries out outgoing radiation from said 
heat lens formation component at the usual aperture include angle when control light is not irradiated and a 
heat lens is not formed, The condition of carrying out outgoing radiation from said heat lens formation 
component at an aperture include angle with said signal light larger when control light is irradiated and a 
heat lens is formed which it converged than the usual aperture include angle When it is made to realize by 
making it correspond to the existence of an exposure of said control light, control light is not irradiated and a 
heat lens is not formed Said signal light which carries out outgoing radiation from said heat lens formation 
component at the usual aperture include angle as it is Or after making said usual aperture include angle 
change with a light-receiving lens, it is made to go straight on through the hole of a mirror in which the hole 
through which said signal light passes was established. When control light is irradiated and a heat lens is 
formed, on the other hand, said signal light which carries out outgoing radiation while spreading from said 
heat lens formation component at a larger aperture include angle than usual as it is Or after making the 
aperture include angle of said flare change with a light-receiving lens, it applied for the optical-path change 
approach of making an optical path changing, by reflecting using said mirror with a hole (patent reference 
1 1 reference). 
[0010] 

[Patent reference 1] JP,8-286220,A 
[Patent reference 2] JP,8-320535,A 
[Patent reference 3] JP,8-320536,A 
[Patent reference 4] JP,9-329816,A 
[Patent reference 5] JP,10-90733,A 
[Patent reference 6] JP, 10-90734, A 
[Patent reference 7] JP,10-148852,A 
[Patent reference 8] JP,10-148853,A 
[Patent reference 9] JP,60- 1 422 1 , A 
[Patent reference 10] JP,1 1-194373,A 

[Patent reference 11] Application for patent No. 275713 [ 2002 to ] 

[Nonpatent literature 1] Yoshitaka Taira, Norio Tanaka, Kikuko Hayamizu, Tetsuro Moriya work, creation, 
structure evaluation and the optical physical properties of a coloring matter meeting object and floe, the 
"Electrotechnical Laboratory ****", the Ministry of International Trade and Industry Electrotechnical 
Laboratory, Agency of Industrial Science and Technology issue, the 59th volume, No. 2, 29 - 49 pages 
(1994) 

[Nonpatent literature 2] The application to the Fujiwara ******, Keiichiro Fuwa, Takayoshi Kobayashi 
work, a laser induction thermal lensing effect, and its colorimetric method, "chemistry", the Kagaku-Dojin 
issue, the 36th volume, No. 6, 432 - 438 pages (1981) 

[Nonpatent literature 3] Takehiko Kitamori, the Sawada ******, a light-and-heat conversion spectral- 
analysis method, a "**** weir", the Japan Society for Analytical Chemistry issue, the March, 1994 issue, 
178 - 187 pages 
[Description of the Invention] 
[Problem(s) to be Solved by the Invention] 
[0011] 

This invention aims at offering the optical controlling expression optical-path change mold lightwave signal 
transmission equipment and the lightwave signal optical-path change approach which do not have failure, 
without using a part for an electrical circuit or mechanical moving part and which operate at high speed and 
do not have a polarization dependency with high endurance. 
[Means for Solving the Problem] 
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[0012] 

It is the signal light light source to which the optical controlling expression optical-path change mold 
lightwave signal transmission equipment of this invention irradiates the signal light of one or more kinds of 
wavelength in order to attain the above-mentioned purpose, 

The control light light source which irradiates the control light of two or more kinds of different wavelength 
from said signal light, 

Said signal light is two or more light absorption layer membranes which penetrate and absorb respectively 
only one kind of specific wavelength of said control light alternatively, 

A means to make converge said control light and said signal light on each of said light absorption layer 
membranes respectively, and to irradiate it, 

By using the heat lens based on distribution of the refractive index which originates in the temperature rise 
which happens to the field where said light absorption layer membrane absorbed the control light of one 
kind of said specific wavelength, and its boundary region including said light absorption layer membrane, 
and is produced reversibly Two or more heat lens formation components which are made to carry out 
adjustable [ of the aperture include angle of signal light ], and carry out outgoing radiation or it carries out 
outgoing radiation according to the existence of an exposure of the control light of one kind of said specific 
wavelength, with said signal light completed which it converged, 

It is characterized by to have the mirror to which an optical path is changed by making said hole pass the 
signal light which is the mirror which has the hole of each of said heat lens formation component prepared 
back respectively, and a reflective means, and carried out outgoing radiation of said heat lens formation 
component according to the existence of an exposure of the control light of one kind of said specific 
wavelength, or making it reflect with said reflective means. 
[0013] 

Moreover, other optical controlling expression optical-path change mold lightwave signal transmission 
equipment of this invention is the signal light light source which irradiates the signal light of one or more 
kinds of wavelength, 

The control light light source which irradiates the control light of two or more kinds of different wavelength 
from said signal light, 

Said signal light is two or more light absorption layer membranes which penetrate and absorb respectively 
only one kind of specific wavelength of said control light alternatively, 

A means to make converge said control light and said signal light on each of said light absorption layer 
membranes respectively, and to irradiate it, 

It has 2 or more sets of optical-path change devices which consist of combination of the mirror which has a 
heat lens formation component and a hole, 

Said heat lens formation component by using the heat lens based on distribution of the refractive index 
which originates in the temperature rise which happens to the field where said light absorption layer 
membrane absorbed the control light of one kind of said specific wavelength, and its boundary region 
including said light absorption layer membrane, and is produced reversibly When the control light of one 
kind of said specific wavelength is not irradiated and a heat lens is not formed, outgoing radiation of said 
signal light which it converged is carried out at the usual aperture include angle. Outgoing radiation is 
carried out at an aperture include angle with said signal light larger when the control light of one kind of 
said specific wavelength is irradiated and a heat lens is formed near the plane of incidence of said light 
absorption layer membrane which it converged than the usual aperture include angle. It is the heat lens 
formation component which makes the aperture include angle of said signal light by which outgoing 
radiation is carried out according to the existence of an exposure of the control light of one kind of said 
specific wavelength change, 

When the control light of one kind of said specific wavelength is not irradiated and a heat lens is not formed, 
the mirror which has said hole said signal light which carries out outgoing radiation from said heat lens 
formation component at the usual aperture include angle as it is Or the hole which passes either of the signal 
light which made said aperture include angle change with a light-receiving lens, When the control light of 
one kind of said specific wavelength is irradiated and a heat lens is formed near the plane of incidence of 
said light absorption layer membrane, said signal light which carries out outgoing radiation while spreading 
from said heat lens formation component at a larger aperture include angle than usual as it is Or it is 
characterized by being the mirror which it has [ mirror ] a reflective means to reflect either of the signal light 
which made said aperture include angle change, and makes an optical path change with said light-receiving 
lens. 
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[0014] 

Moreover, other optical controlling expression optical-path change mold lightwave signal transmission 
equipment of this invention is the signal light light source which irradiates the signal light of one or more 
kinds of wavelength, 

The control light light source which irradiates the control light of two or more kinds of different wavelength 
from said signal light, 

Said signal light is two or more light absorption layer membranes which penetrate and absorb respectively 
only one kind of specific wavelength of said control light alternatively, 

A means to make converge said control light and said signal light on each of said light absorption layer 
membranes respectively, and to irradiate it, 

It has 2 or more sets of optical-path change devices which consist of combination of the mirror which has a 
heat lens formation component and a hole, 

Said heat lens formation component by using the heat lens based on distribution of the refractive index 
which originates in the temperature rise which happens to the field where said light absorption layer 
membrane absorbed the control light of one kind of said specific wavelength, and its boundary region 
including said light absorption layer membrane, and is produced reversibly Outgoing radiation is carried out 
while it had converged said signal light which it converged, when the control light of one kind of said 
specific wavelength was irradiated and a heat lens was formed near the outgoing radiation side of said light 
absorption layer membrane. When control light is not irradiated and a heat lens is not formed, said signal 
light which it converged is the heat lens formation component which makes the aperture include angle of 
said signal light by which outgoing radiation is carried out at the usual aperture include angle, and outgoing 
radiation is carried out according to the existence of an exposure of the control light of one kind of said 
specific wavelength change, 

The hole which passes said signal light which carries out outgoing radiation from said heat lens formation 
component while it had converged the mirror which has said hole, when the control light of one kind of said 
specific wavelength was irradiated and a heat lens was formed near the outgoing radiation side of said light 
absorption layer membrane, and which it converged, When the control light of one kind of said specific 
wavelength is not irradiated and a heat lens is not formed, said signal light which carries out outgoing 
radiation from said heat lens formation component at the usual aperture include angle as it is Or it is 
characterized by being the mirror which it has [ mirror ] a reflective means to reflect either of the signal light 
which made the light-receiving lens prepared in order to make said aperture include angle change penetrate, 
and makes an optical path change. 
[0015] 

Moreover, other optical controlling expression optical-path change mold lightwave signal transmission 
equipment of this invention is the signal light light source which irradiates the signal light of one or more 
kinds of wavelength, 

The control light light source which controls the control light of two or more kinds of different wavelength 
from said signal light, 

Said signal light is two or more light absorption layer membranes which penetrate and absorb respectively 
only one kind of specific wavelength of said control light alternatively, 

A means to make converge said control light and said signal light on each of said light absorption layer 
membranes respectively, and to irradiate it, 

One or more sets of 1st optical-path change devices which consist of combination with the mirror which has 
the 1 st heat lens formation component and 1 st hole, 

It has 1 or more sets of 2nd optical-path change devices which consist of combination with the mirror which 
has the 2nd heat lens formation component and 2nd hole, 

The 1st heat lens formation component by using the heat lens based on distribution of the refractive index 
which originates in the temperature rise which happens to the field where said light absorption layer 
membrane absorbed the control light of one kind of said specific wavelength, and its boundary region 
including said light absorption layer membrane, and is produced reversibly When the control light of one 
kind of said specific wavelength is not irradiated and a heat lens is not formed, outgoing radiation of said 
signal light which it converged is carried out at the usual aperture include angle. Outgoing radiation is 
carried out at an aperture include angle with said signal light larger when the control light of one kind of 
said specific wavelength is irradiated and a heat lens is formed near the plane of incidence of said light 
absorption layer membrane which it converged than the usual aperture include angle. It is the heat lens 
formation component which makes the aperture include angle of said signal light by which outgoing 
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radiation is carried out according to the existence of an exposure of the control light of one kind of said 
specific wavelength change, 

When the control light of one kind of said specific wavelength is not irradiated and a heat lens is not formed, 
the mirror which has the 1st hole said signal light which carries out outgoing radiation from said heat lens 
formation component at the usual aperture include angle as it is Or the hole which passes either of the signal 
light which made said aperture include angle change with a light-receiving lens, When the control light of 
one kind of said specific wavelength is irradiated and a heat lens is formed near the plane of incidence of 
said light absorption layer membrane, said signal light which carries out outgoing radiation while spreading 
from said heat lens formation component at a larger aperture include angle than usual as it is Or it is the 
mirror which it has [ mirror ] a reflective means to reflect either of the signal light which made said aperture 
include angle change, and makes an optical path change with said light-receiving lens, 
The 2nd heat lens formation component by using the heat lens based on distribution of the refractive index 
which originates in the temperature rise which happens to the field where said light absorption layer 
membrane absorbed the control light of one kind of said specific wavelength, and its boundary region 
including said light absorption layer membrane, and is produced reversibly Outgoing radiation is carried out 
while it had converged said signal light which it converged, when control light was irradiated and a heat lens 
was formed near the outgoing radiation side of said light absorption layer membrane. When the control light 
of one kind of said specific wavelength is not irradiated and a heat lens is not formed, said signal light which 
it converged is the heat lens formation component which makes the aperture include angle of said signal 
light by which outgoing radiation is carried out at the usual aperture include angle, and outgoing radiation is 
carried out according to the existence of an exposure of the control light of one kind of said specific 
wavelength change, 

When the control light of one kind of said specific wavelength is irradiated and a heat lens is formed near 
the outgoing radiation side of said light absorption layer membrane, the mirror which has the 2nd hole The 
hole which passes said signal light which carries out outgoing radiation from said heat lens formation 
component while it had converged, and which it converged, When the control light of one kind of said 
specific wavelength is not irradiated and a heat lens is not formed, said signal light which carries out 
outgoing radiation from said heat lens formation component at the usual aperture include angle as it is Or 
optical controlling expression optical-path change mold lightwave signal transmission equipment which is 
the mirror which it has [ mirror ] a reflective means to reflect either of the signal light which made the light- 
receiving lens prepared in order to make said aperture include angle change penetrate, and makes an optical 
path change. 
[0016] 

Moreover, as for other optical controlling expression optical-path change mold lightwave signal 
transmission equipment of this invention, 2 or more sets of above-mentioned optical -path change devices 
are characterized by connecting with the serial through direct or optical-fiber coupled systems through 
space. 
[0017] 

Moreover, 3 or more sets of above-mentioned optical -path change devices branch to the 2-way of the 
direction which goes straight on through the hole of said mirror through direct or optical-fiber coupled 
systems through space for every step of connection, and the direction to reflect, and other optical controlling 
expression optical-path change mold lightwave signal transmission equipment of this invention is 
characterized by connecting with multistage. 
[0018] 

Moreover, the lightwave signal optical-path change approach of this invention, 

Signal light of one or more kinds of wavelength and control light of two or more kinds of different 

wavelength from said signal light are substantially advanced in the same axle and this direction, 

Said signal light penetrates, completes said control light and said signal light as each of two or more light 

absorption layer membranes which absorb respectively only one kind of specific wavelength of said control 

light alternatively respectively, and irradiates it, 

In each of two or more heat lens formation components containing said light absorption layer membrane By 
using the heat lens based on distribution of the refractive index which said light absorption layer membrane 
originates in the temperature rise which happens to the field which absorbed the control light of one kind of 
said specific wavelength, and its boundary region, and produces reversibly Outgoing radiation is carried out 
according to the existence of an exposure of the control light of one kind of said specific wavelength, with 
said signal light completed which it converged, or adjustable [ of the aperture include angle of signal light ] 
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is carried out, and it carries out outgoing radiation, 

It is characterized by making an optical path change by carrying out passage rectilinear propagation of the 
signal light which carried out outgoing radiation from said heat lens formation component from said hole 
according to the existence of an exposure of the control light of one kind of said specific wavelength using 
the mirror with a hole which has a reflector, or making it reflect in a reflector. 
[0019] 

Moreover, other lightwave signal optical-path change approaches of this invention, 

Signal light of one or more kinds of wavelength and control light of two or more kinds of different 

wavelength from said signal light are substantially advanced in the same axle and this direction, 

Said signal light penetrates, completes said control light and said signal light as each of two or more light 

absorption layer membranes which absorb respectively only one kind of specific wavelength of said control 

light alternatively respectively, and irradiates it, 

In each of two or more heat lens formation components containing said light absorption layer membrane By 
using the heat lens based on distribution of the refractive index which said light absorption layer membrane 
originates in the temperature rise which happens to the field which absorbed the control light of one kind of 
said specific wavelength, and its boundary region, and produces reversibly When the control light of one 
kind of said specific wavelength is not irradiated and a heat lens is not formed near the plane of incidence of 
said light absorption layer membrane, outgoing radiation of said signal light which it converged is carried 
out from said heat lens formation component at the usual aperture include angle. Outgoing radiation is 
carried out from said heat lens formation component at an aperture include angle with said signal light larger 
when the control light of one kind of said specific wavelength is irradiated and a heat lens is formed which it 
converged than the usual aperture include angle. The aperture include angle of said signal light by which 
outgoing radiation is carried out according to the existence of an exposure of the control light of one kind of 
said specific wavelength is made to change. 

When the control light of one kind of said specific wavelength is not irradiated and a heat lens is not formed, 
the hole of a mirror with a hole is passed and either of the signal light which made said aperture include 
angle change said signal light which carries out outgoing radiation with remaining as it is or a light- 
receiving lens is made to go straight on from said heat lens formation component at the usual aperture 
include angle. 

On the other hand, when the control light of one kind of said specific wavelength is irradiated and a heat 
lens is formed near the plane of incidence of said light absorption layer membrane Said signal light which 
carries out outgoing radiation while spreading from said heat lens formation component at a larger aperture 
include angle than usual as it is Or it is characterized by making an optical path change by reflecting either 
of the signal light which made said aperture include angle change using the reflector of said mirror with a 
hole with a light-receiving lens. 
[0020] 

Moreover, other lightwave signal optical-path change approaches of this invention, 

Signal light of one or more kinds of wavelength and control light of two or more kinds of different 

wavelength from said signal light are substantially advanced in the same axfe" and this direction, 

Said signal light penetrates, completes said control light and said signal light as each of two or more light 

absorption layer membranes which absorb respectively only one kind of specific wavelength of said control 

light alternatively respectively, and irradiates it, 

In each of two or more heat lens formation components containing said light absorption layer membrane By 
using the heat lens based on distribution of the refractive index which said light absorption layer membrane 
originates in the temperature rise which happens to the field which absorbed the control light of one kind of 
said specific wavelength, and its boundary region, and produces reversibly When the control light of one 
kind of said specific wavelength was irradiated and a heat lens was formed near the outgoing radiation side 
of said light absorption layer membrane, while it had converged said signal light which it converged, 
outgoing radiation is carried out from said heat lens formation component. When the control light of one 
kind of said specific wavelength is not irradiated and a heat lens is not formed, said signal light which it 
converged makes the aperture include angle of said signal light by which outgoing radiation is carried out 
from said heat lens formation component at the usual aperture include angle, and outgoing radiation is 
carried out according to the existence of an exposure of the control light of one kind of said specific 
wavelength change. 

When the control light of one kind of said specific wavelength is irradiated and a heat lens is formed near 
the outgoing radiation side of said light absorption layer membrane, the hole of a mirror with a hole is 
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passed and said signal light which carries out outgoing radiation and which it converged is made to go 
straight on from said heat lens formation component, while it had converged. 

On the other hand, when the control light of one kind of said specific wavelength is not irradiated and a heat 
lens is not formed, it is characterized by making an optical path change by reflecting either of the signal 
light which made said aperture include angle change the optical path of said signal light which carries out 
outgoing radiation with remaining as it is or a light-receiving lens using the reflector of said mirror with a 
hole from said heat lens formation component at the usual aperture include angle. 
[0021] 

Moreover, other optical controlling expression optical-path change mold lightwave signal transmission 
equipment of this invention, 

Make light of long wave length into signal light most among the light of two or more wavelength, and light 
of two or more wavelength shorter than signal light is made into control light. The optical-path change 
device in which the wavelength which the heat lens formation component in said optical-path change device 
absorbs is the shortest is made into the 1st step, and it is characterized by connecting a latter optical -path 
change device with the order to which each wavelength which the heat lens formation component of said 
optical-path change device after the 2nd step absorbs becomes long. 
[Effect of the Invention] 
[0022] 

By this invention, it can operate at high speed, without using a part for an electrical circuit or mechanical 

moving part, and optical controlling expression optical-path change mold lightwave signal transmission 

equipment and the lightwave signal optical-path change approach without a polarization dependency with 

high endurance can be offered. 

[Best Mode of Carrying Out the Invention] 

[0023] 

[Heat.lens formation component] 

In this invention, what has for example, laminating membrane type structure as a heat lens formation 
component can be used suitably, and if it considers as the configuration of the cascade screen, the following 
combination can be mentioned. 
[0024] 

(1) A light absorption layer membrane independent. However, light absorption layer membranes may be any 
of the laminating mold thin film of "light absorption film" independent monolayer, the two-layer structure of 
"the light absorption film / heat lens formative layer", or the three-tiered structure "the light absorption film / 
heat lens formative layer / light absorption film" literally. In addition, the following "light absorption layer 
membranes" of (2) to (10) shall include the same structure as the above. 

[0025] 

(2) A light absorption layer membrane / incubation layer membrane 
[0026] 

(3) An incubation layer membrane / light absorption layer membrane / incubation layer membrane 
[0027] 

(4) A light absorption layer membrane / heat transfer layer membrane 
[0028] 

(5) A heat transfer layer membrane / light absorption layer membrane / heat transfer layer membrane 
[0029] 

(6) A light absorption layer membrane / incubation layer membrane / heat transfer layer membrane 
[0030] 

(7) A heat transfer layer membrane / light absorption layer membrane / incubation layer membrane 
[0031] 

(8) A heat transfer layer membrane / light absorption layer membrane / incubation layer membrane / heat 
transfer layer membrane 

[0032] 

(9) A heat transfer layer membrane / incubation layer membrane / light absorption layer membrane / 
incubation layer membrane 

[0033] 

(10) A heat transfer layer membrane / incubation layer membrane / light absorption layer membrane / 
incubation layer membrane / heat transfer layer membrane 

[0034] 
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(1 1) A gradient index lens / (light transmission layer/) above (1) thru/or (10) heat lens formation 
components 

[0035] 

(12) A gradient index lens / (light transmission layer/) above (1) thru/or (10) heat lens formation 
components / (light transmission layer/) gradient index lenses 

[0036] 

In addition, it means preparing a light transmission layer if needed in above-mentioned (light 
transmission layer/). Furthermore, an antireflection film (AR coat film) may be prepared in the plane of 
incidence and the outgoing radiation side of light if needed. 
[0037] 

The sectional view which illustrated an example of a heat lens formation component configuration is shown 
in drawing 1 1 . The laminating of the heat lens formation component 500 is carried out to the order of 
gradient index lens 507 / light transmission layer 506 / heat transfer layer membrane 501 / light absorption 
layer membrane 503 / heat lens formative layer 505 / light absorption layer membrane 504 / heat transfer 
layer membrane 502, and it consists of an incidence side of the control light 509 and the signal light 508, for 
example so that it may illustrate to drawing 1 1 . In addition, the beam of light of the control light 509 shown 
in drawing 1 1 is typical, and refraction between class film is omitted. 
[0038] 

The sectional view which illustrated another example of a heat lens formation component configuration is 
shown in drawing 12 . The laminating of the heat lens formation component 600 is carried out to the order 
of heat transfer layer membrane 601 / light absorption layer membrane 603 / heat lens formative layer 605 / 
light absorption layer membrane 604 / heat transfer layer membrane 602, and it consists of an incidence side 
of the control light 609 and the signal light 608, for example so that it may illustrate to drawing 12 . In this 
case, incidence of the control light 609 and the signal light 608 is carried out to the heat lens formation 
component 600, being condensed with the condenser lens 610 prepared outside. In addition, the beam of 
light of the control light 609 shown in drawing 12 is typical, and refraction between class film is omitted. 
[0039] 

Furthermore, the mimetic diagram which illustrated the coloring matter solution restoration type heat lens 
formation component is shown in drawing 2 1 again. The coloring matter solution restoration type heat lens 
formation component 800 is filled up with the coloring matter solution which acts as the heat [ a light 
absorption layer membrane-cum-] lens formative layer from the inlet 807 of the introductory tubing 806 to 
the coloring matter solution restoration section 808 of the optical eel 809 surrounded by the incidence and 
the outgoing radiation side glass 801 and 802 which acts as a heat transfer layer membrane, side windshields 
803 and 804, and base glass 805, and stops an inlet 807 to it so that it may illustrate to drawing 21 . That is, 
it is the thing of a simple component configuration called a heat transfer layer membrane / heat [ a light 
absorption layer membrane-cum-] lens formative layer / heat transfer layer membrane. 
[0040] 

Order is explained later on below about a light absorption layer membrane, the heat lens formative layer, an 
incubation layer membrane, a heat transfer layer membrane, a light transmission layer and the ingredient of 
a gradient index lens, the creation approach, each thickness, etc. 
[0041] 

In addition, in the range which does not cause trouble to the function, the light absorption layer membrane 
and the heat lens formative layer which are used by this invention, an incubation layer membrane, a heat 
transfer layer membrane, a light transmission layer, and the ingredient of a gradient index lens may contain 
an anti-oxidant well-known as an additive, an ultraviolet ray absorbent, a singlet oxygen quencher, a 
distributed assistant, etc. in order to raise workability or to raise stability and endurance as an optical 
element. 
[0042] 

[The ingredient of a light absorption layer membrane] 

Well-known various things can be used as an ingredient of light absorption nature used for the light 

absorption layer membrane in the heat lens formation component used by this invention. 

[0043] 

If the example of the light absorption nature ingredient used for the light absorption layer membrane in the 
heat lens formation component used by this invention is given concretely For example, GaAs, GaAsP, 
GaAlAs, InP, InSb, The single crystal of compound semiconductors, such as InAs, PbTe, InGaAsP, and 
ZnSe, What distributed the particle of said compound semiconductor into the matrix material, the metal 
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halogenide which doped dissimilar metal ion (For example, single crystals, such as a potassium bromide and 
a sodium chloride), said metal halogenide What distributed (for example, particles, such as a copper 
bromide, a copper chloride, and a cobalt chloride) into the matrix material, CdS, CdSe, CdSeS which doped 
dissimilar metal ion, such as copper, What distributed the single crystal of cadmium chalcogenide, such as 
CdSeTe, and the particle of said cadmium chalcogenide in the matrix material, Semi-conductor single 
crystal thin films, such as silicon, germanium, a selenium, and a tellurium, What distributed semi-conductor 
particles, such as a polycrystal thin film thru/or a porosity thin film, silicon, germanium, a selenium, and a 
tellurium, into the matrix material, A ruby, alexandrite, a garnet, Nd:YAG, sapphire, Ti : The single crystal 
equivalent to the jewel which doped metal ions, such as sapphire and Nd:YLF, (the so-called laser crystal), 
The lithium niobate which doped the metal ion (for example, iron ion) (LiNb03), Ferroelectric crystals, 
such as LiB 305, LiTa03 and KTiOP04, KH2P04, and KNb03, BaB 202, The quartz glass which doped 
metal ions (for example, neodium ion, erbium ion, etc.), The thing which dissolved or distributed coloring 
matter, and amorphous coloring matter floe can be suitably used into a matrix material besides being soda 
glass, borosilicate glass, other glass, etc. 
[0044] 

Since a matrix material and the selection range of coloring matter are wide and processing to a heat lens 
formation component is also easy the range, what dissolved or distributed coloring matter in the matrix 
material also in these can be used especially suitably. 
[0045] 

As an example of the coloring matter which can be used by the optical controlling expression optical-path 
change mold lightwave signal transmission equipment of this invention, and the lightwave signal optical- 
path change approach For example, xanthene dyes, such as Rhodamine B, rhodamine 6G, eosine, and 
Phloxine B, Acridine dyes, such as an acridine orange and acridine red, ethyl red, Azo dye, such as Methyl 
Red, porphyrin system coloring matter, phthalocyanine system coloring matter, Naphthalocyanine system 
coloring matter, 3, and 3'-diethyl thia carbocyanine iodide, Cyanine dye, such as 3 and 3 f -diethyl OKISA 
dicarbocyanine iodide, Thoria reel methane system coloring matter, such as ethyl violet and Victoria blue R, 
naphthoquinone system coloring matter, anthraquinone system coloring matter, naphthalene tetracarboxylic 
acid diimide system coloring matter, perylene tetracarboxylic acid diimide system coloring matter, etc. can 
be used suitably. 
[0046] 

By the optical controlling expression optical-path change mold lightwave signal transmission equipment of 
this invention, and the lightwave signal optical-path change approach, it is independent about these coloring 
matter, or two or more sorts can be mixed and used. 
[0047] 

The matrix material which can be used by the optical controlling expression optical-path change mold 
lightwave signal transmission equipment of this invention, and the lightwave signal optical-path change 
approach, 

(1) Permeability is high in the wavelength field of the light used by the optical controlling expression 
optical-path change mold lightwave signal transmission equipment of this invention, and the lightwave 
signal optical-path change approach, 

(2) The coloring matter or the various particles which are used by the optical controlling expression optical- 
path change mold lightwave signal transmission equipment of this invention and the lightwave signal 
optical-path change approach can be dissolved or distributed with sufficient stability, 

The thing of arbitration can be used if the conditions to say are satisfied. 
[0048] 

The low-melting-glass ingredient created as an inorganic system solid-state-like matrix material with the so- 
called sol gel process besides being the single crystal of a metal halogenide, the single crystal of a metallic 
oxide, the single crystal of metal chalcogenide, quartz glass, soda glass, borosilicate glass, etc., for example 
can be used. 
[0049] 

As an inorganic system liquid-like matrix material, water, water glass (thick water solution of an alkali 
silicate), a hydrochloric acid, a sulfuric acid, a nitric acid, an aqua regia, a chlorosulfonic acid, 
methansulfonic acid, trifluoro methansulfonic acid, etc. can be used. 
[0050] 

Moreover, various organic solvents can be used as an organic system liquid-like matrix material. As an 
organic solvent, specifically A methanol, ethanol, isopropyl alcohol, Alcohols, such as n-butanol, amyl 
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alcohol, a cyclohexanol, and benzyl alcohol, Polyhydric alcohol, such as ethylene glycol, a diethylene 
glycol, and a glycerol Ester, such as ethyl acetate, n-butyl acetate, amyl acetate, and isopropyl acetate 
Ketones, such as an acetone, a methyl ethyl ketone, methyl isobutyl ketone, and a cyclohexanone 
Diethylether, dibutyl ether, methoxy ethanol, ethoxy ethanol, Ether, such as butoxy ethanol and carbitol, a 
tetrahydrofuran, Cyclic ether, such as 1, 4-dioxane, 1, and 3-dioxolane Dichloromethane, chloroform, a 
carbon tetrachloride, 1 , 2-dichloroethane, 1,1, 2-trichloroethane, trichlene, bromoform, dibromomethane, 
Halogenated hydrocarbon, such as diiodomethane, benzene, toluene, A xylene, a chlorobenzene, o- 
dichlorobenzene, a nitrobenzene, Aromatic hydrocarbon, such as an anisole and alpha-chloronaphthalene, n 
pentane, Aliphatic hydrocarbon, such as n-hexane, n-heptane, and a cyclohexane Amides, such as N.N- 
dimethylformamide, N,N-dimethylacetamide, and hexamethylphosphoric triamide Urea derivatives, such as 
cyclic amide [, such as N-methyl pyrrolidone ], tetramethylurea, 1, and 3-dimethyl-2-imidazolidinone 
Carbonates, such as sulfoxides, such as dimethyl sulfoxide, ethylene carbonate, and propylene carbonate 
Nitril, such as an acetonitrile, propionitrile, and a benzonitrile Nitrogen-containing heterocyclic compounds, 
such as a pyridine and a quinoline, triethylamine, Solvents, such as nitromethane besides organic acids, such 
as amines, such as triethanolamine, diethylamino alcohol, and an aniline, chloroacetic acid, trichloroacetic 
acid, trifluoroacetic acid, and an acetic acid, a carbon disulfide, and a sulfolane, can be used. The thing of 
two or more classes may be mixed and used for these solvents again. 
[0051] 

furthermore — as the matrix material of an organic system — the shape of liquid and a solid-state — the 
organic polymeric materials of the shape of vitrified or rubber can be used. As the example, polystyrene, 
Pori (alpha methyl styrene), The poly indene, Pori (4-methyl-l-pentene), polyvinyl pyridine, A polyvinyl 
formal, a polyvinyl acetal, a polyvinyl butyral, Polyvinyl acetate, polyvinyl alcohol, a polyvinyl chloride, a 
polyvinylidene chloride, Polyvinyl methyl ether, polyvinyl ethyl ether, polyvinyl benzyl ether, A polyvinyl 
methyl ketone, Pori (N-vinylcarbazole), polyvinylpyrrolidone), Polymethylacrylate, polyacrylic acid 
ethyl, polyacrylic acid, a polyacrylonitrile, A polymethyl methacrylate, polymethacrylic acid ethyl, 
polymethacrylic acid butyl, Polymethacrylic acid benzyl, polymethacrylic acid cyclohexyl, polymethacrylic 
acid, A polymethacrylic acid amide, the poly methacrylonitrile, the poly acetaldehyde, The poly 
trichloroacetic aldehyde, polyethylene oxide, polypropylene oxide, Polyethylene terephthalate, polybutylene 
terephthalate, and polycarbonates (bisphenols + carbonic acid) Pori (diethylene-glycol bisallyl carbonate), 6- 
nylon, 6 and 6-nylon, 12-nylon, 6, 12-nylon, Pori aspartic-acid ethyl, Polyglutamic acid ethyl, the poly 
lysine, polyproline, Pori (gamma-benzyl-L-glutamate), Methyl cellulose, ethyl cellulose, benzyl cellulose, 
hydroxyethyl cellulose, Hydroxypropylcellulose, an acetyl cellulose, cellulose triacetate, Cel low SUTORI 
butyrate, alkyd resin (phthalic anhydride + glycerol), Fatty-acid modified alkyd resin (fatty-acid + phthalic 
anhydride + glycerol), an unsaturated polyester resin (maleic-anhydride + phthalic anhydride + propylene 
glycol), An epoxy resin (bisphenols + epichlorohydrin), polyurethane resin, Organic polysilane, such as 
resin, such as phenol resin, a urea-resin, melamine resin, xylene resin, a toluene resin, and guanamine resin, 
and Pori (phenyl methylsilane), the organic poly germane, and these copolymerization and 
copolycondensation objects are mentioned. Moreover, a carbon disulfide, carbon tetrafluoride, 
ethylbenzene, perfluoro benzene, a perfluoro cyclohexane, or trimethylchlorosilane can use in usual the high 
molecular compound which carried out the plasma polymerization of the compound without polymerization 
nature, and obtained it. Furthermore, what it combines as a copolymerization monomelic unit together as a 
bridge formation radical, and combined the residue of coloring matter as a polymerization initiation end as a 
side chain of a monomeric unit can also be used for these organic high molecular compounds as a matrix 
material. Furthermore, aforementioned coloring matter residue and an aforementioned matrix material may 
form the chemical bond. 
[0052] 

An approach well-known for dissolving or distributing coloring matter into these matrix materials can be 
used. For example, after dissolving coloring matter and a matrix material into a common solvent and 
mixing, How to form a matrix material, since coloring matter is dissolved or distributed to the raw material 
solution of the inorganic system matrix material manufactured with the approach of evaporating a solvent 
and removing, and a sol gel process, Into the monomer of an organic macromolecule system matrix 
material, a solvent is used if needed. Since coloring matter is dissolved or distributed, this monomer A 
polymerization thru/or the approach of making carry out a polycondensation and forming a matrix material, 
After carrying out precipitate which both coloring matter and a thermoplastic organic macromolecule 
system matrix material trickled coloring matter and the solution which dissolved the organic macromolecule 
system matrix material into the common solvent into the insoluble solvent, and produced it a ** exception 
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and drying, the approach of heating and melting processing it etc. can be used suitably. Although it is known 
that you are made to form the special meeting object which is made to condense a coloring matter molecule 
and is called "H meeting object", "J meeting object", etc. with devising the combination and the processing 
approach of coloring matter and a matrix material, the coloring matter molecule in a matrix material may be 
used on the conditions which form such a state of aggregation or a meeting condition. 
[0053] 

Moreover, an approach well-known for distributing the aforementioned various particles into these matrix 
materials can be used. Said particle For example, the solution of a matrix material, Or the method of 
removing a solvent, after distributing in the solution of the precursor of a matrix material, Since said particle 
is distributed into the monomer of an organic macromolecule system matrix material if needed, this 
monomer using a solvent as a precursor of a polymerization thru/or the approach of making carry out a 
polycondensation and forming a matrix material, and a particle After dissolving or distributing metal salts, 
such as perchloric acid cadmium and a gold chloride, into an organic macromolecule system matrix 
material, it processes by hydrogen-sulfide gas. For example, the particle of a cadmium sulfide Or the 
approach and chemical vapor deposition which deposit a golden particle in a matrix material, respectively, 
the sputtering method, etc. can be suitably used by heat-treating. 
[0054] 

When coloring matter can be made to exist as a thin film of an amorphous state with little light scattering 
(amorphous) independently, the amorphous coloring matter film can also be used as a light absorption layer 
membrane, without using a matrix material. 
[0055] 

Moreover, when coloring matter can be made to exist independently as microcrystal floe which does not 
cause light scattering, the microcrystal floe of coloring matter can also be used as a light absorption layer 
membrane, without using a matrix material. If it is the magnitude in which the particle diameter of said 
coloring matter minute crystal compares the wavelength of said signal light with the wavelength of control 
light , and does not exceed one fifth of the wavelength of the shorter one when the laminating of the 
coloring matter microcrystal floe as a light absorption layer membrane is carry out to the heat lens formative 
layers ( resin etc. ) , heat transfer layer membranes ( glass etc. ) , and/or incubation layer membranes ( resin 
etc. ) and it exists as in the heat lens formation component use by this invention , light scattering will not be 
cause substantially . 
[0056] 

[Combination and sequence] of the ingredient of a light absorption layer membrane, the wavelength band of 
signal light, and the wavelength band of control light 

According to the purpose of use, a suitable combination can be selected and used for the ingredient of the 
light absorption layer membrane used by the optical controlling expression optical-path change mold 
lightwave signal transmission equipment of this invention, and the lightwave signal optical-path change 
approach, the wavelength band of signal light, and the wavelength band of control light as such 
combination. 
[0057] 

What is necessary is to determine the wavelength thru/or the wavelength band of signal light according to 
the purpose of use, and just to select the combination of the ingredient of the optimal light absorption layer 
membrane for controlling this, and the wavelength of control light first as a concrete configuration 
procedure, for example. Or what is necessary is just to select the ingredient of a light absorption layer 
membrane suitable for this combination, after determining the combination of the wavelength of signal light 
and control light according to the purpose of use. 
[0058] 

As an example of such a selection procedure, the case which carries out the optical-path change of this with 
the control light of two or more visible-ray wavelength bands is illustrated below using near infrared rays 
oscillated from the semiconductor laser in which a ultra high-speed modulation is possible, such as 
wavelength of 850nm, 1350nm, or 1550 etc.nm, to G Hertz order as a signal light. The laser of 
(Continuation CW) oscillation method which can be intermittent with the speed of response below a 
submillimeter second as the light source of control light can be used suitably. From the short-wavelength 
side to for example, the semi-conductor [ 405 445nm purple-blue thru/or blue semiconductor laser and ] 
excitation Nd: What changed the wavelength of 1064nm of an YAG laser into 532nm green by the 
secondary nonlinear optical element, 635 or 670nm red semiconductor laser and 780 thru/or 800nm near 
infrared ray laser can be selected, and it can be used suitably. It is an N and N'-screw (2, 5-G tert- 
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buthylphenyl) as coloring matter which shows absorption to these control light wave length bands, and does 
not absorb a near infrared ray (850nm thru/or 1550nrn). - 3, 4, 9, 10-perylene dicarboxyimide (N, N'-Bis(2, 
5-di-tert-butylphenyl)-3, 4 and 9, 1 0-perylenedicarboximide) [1], 
[Formula 1] 



O R 




[R = C(CH3) 3 ] 



Copper (II) 2, 9, 16, 23-tetrapod-tert-butyl-29H, and 3 1 H-phthalocyanine (Copper (II) 2, 9, 16, 23-tetra-tert- 
butyl-29H, 31 H-phthalocyanine) [2], 
[Formula 2] 



(H3O3C 




C 2 D 



C(CH 3 ) 2 



(H3C) 3 C 



Vanadyl 2, 1 1, and 20, 29-tetra-tert-butyl -2, 3-naphthalocyanine (Vanadyl 2, 1 1 and 20, 29-tetra-tert-butyl 
-2, 3-naphthalocyanine) [3], 
[Formula 3] 
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Two or more **** can be selected and it can be used suitably respectively. Each of these coloring matter has 
lightfastness and high thermal resistance, and they are suitable for it in the optical controlling expression 
optical-path change mold lightwave signal transmission equipment of this invention, and the lightwave 
signal optical-path change approach especially as coloring matter for the light absorption layer membranes 
for heat lens formation. A continuous line, the chain line, and an alternate long and short dash line show 
respectively the permeability spectrum of the tetrahydrofuran solution of coloring matter [1], [2], and [3] to 
drawing 22 . Although not shown in drawing 22 , these coloring matter solutions show 98% or more of 
permeability also in 900 thru/or a 1550nm near infrared ray field. 
[0059] 

The relation between the oscillation wavelength of said control light laser and the permeability spectrum of 
these coloring matter is shown in Table 1 . 
[0060] 
[Table 1] 







u-if-m 


r;&K [nm] 


445 


532 


635 


650 


670 


780 


800 


850 


mm 
m 
[%] 


CD 


359 


0.10 


97.08 


9736 


9733 


97.67 


97.15 


98.64 


C2) 


93.64 


81.67 


2.32 


0.78 


0.00 


97.23 


9837 


99.63 


C3) 


52.19 


89.90 


88.72 


81.56 


7335 


9.06 


0.12 


89.00 



[0061] 

As shown in Table 1, coloring matter [1] is suitable as an ingredient of the light absorption layer membrane 
of a heat lens formation component which absorbs wavelength 445 thru/or 532nm control light, and forms a 
heat lens. Coloring matter [2] is suitable for the coloring matter [3] as an ingredient of wavelength 635 
thru/or the light absorption layer membrane corresponding to 670nm similarly as an ingredient of 
wavelength 780 thru/or the light absorption layer membrane corresponding to 800nm. It is made to dissolve 
in said solvent and is filled up with these coloring matter to an optical eel, or it is made to dissolve into 
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organic polymeric materials, and it is inserted into a heat transfer layer membrane, or it can be used on a 

heat transfer layer membrane, forming it as the spin coat film or vacuum evaporationo film. 

[0062] 

When using it, choosing two or more kinds of these coloring matter, it is desirable to use the optical-path 
change device containing the heat lens formation component corresponding to the absorption wavelength 
band of each coloring matter, connecting it sequentially from the shorter one of an absorption wavelength 
band. Namely, by for example, the thing which it is used for coloring matter [1] and the 2nd step in coloring 
matter [2] or the two-step configuration of [3], and the 1st step, and is used for the optical-path change 
device of the 1st step as a three- step configuration of coloring matter [3] in coloring matter [1] and the 2nd 
step at coloring matter [2] and the 3rd step It is possible to use the absorption band region and non- 
absorption band region of each coloring matter in piles without futility. 
[0063] 

[Thickness of the presentation of the ingredient of a light absorption layer membrane, and the light 
absorption layer membrane in a light absorption layer membrane, and thickness of the heat lens formative 
layer] 

In the heat lens formation component used by the optical controlling expression optical-path change mold 
lightwave signal transmission equipment of this invention, and the lightwave signal optical-path change 
approach a light absorption layer membrane "Light absorption film" independent monolayer, Or you may be 
any of the laminating mold thin film of the two-layer structure of "the light absorption film / heat lens 
formative layer", or the three-tiered structure "the light absorption film / heat lens formative layer / light 
absorption film", and, as for the thickness of the whole light absorption layer membrane, it is desirable not 
to exceed the twice of the confocal distance of said control light which it converged. Furthermore, when 
aiming at a much more high-speed speed of response, as for the thickness of a light absorption layer 
membrane it is thin from said laminating mold thin film, it is desirable not to exceed 1 time of the confocal 
distance of said control light which it converged. 
[0064] 

In such conditions, it can set up as such combination on the basis of the permeability of the control light 
which penetrates a light absorption layer membrane, and signal light about the thickness of the presentation 
of the ingredient of a light absorption layer membrane used by this invention, and the light absorption film 
in a light absorption layer membrane (1 or two sheets). For example, the concentration of the component 
which absorbs control light or signal light at least among the presentations of the ingredient of a light 
absorption layer membrane can be determined first, and the thickness of the light absorption film in a light 
absorption layer membrane (1 or two sheets) can be set up so that the permeability of the control light which 
penetrates a heat lens formation component, and signal light may subsequently become a specific value. Or 
first, after setting the thickness of the light absorption film in a light absorption layer membrane (1 or two 
sheets) as a specific value if needed for example, on an equipment design, the presentation of the ingredient 
of a light absorption layer membrane can be adjusted so that the permeability of the control light which 
penetrates a heat lens formation component, and signal light may become a specific value. 
[0065] 

The value of the permeability of the control light which penetrates the light absorption layer membrane 
optimal in order to pull out magnitude sufficient by the lowest possible optical power and a high-speed 
thermal lensing effect from the heat lens formation component used by the optical controlling expression 
optical-path change mold lightwave signal transmission equipment of this invention and the lightwave 
signal optical-path change approach, and signal light is as being shown below, respectively. 
[0066] 

In the heat lens formation component used by the optical controlling expression optical -path change mold 
lightwave signal transmission equipment of this invention, and the lightwave signal optical-path change 
approach, performing the concentration of the light absorption component in a light absorption layer 
membrane and control of an existence condition, and a thickness setup of the light absorption film in a light 
absorption layer membrane ( 1 or two sheets) so that the permeability of the control light which spread the 
light absorption layer membrane in a heat lens formation component may become 90% thru/or 0% be 
recommended. 
[0067] 

Performing the concentration of the light absorption component in a light absorption layer membrane and 
control of an existence condition, and a thickness setup of the light absorption film in a light absorption 
layer membrane (1 or two sheets) in the condition of not irradiating control light, on the other hand, so that 
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the permeability of the signal light which spread the light absorption layer membrane in a heat lens 
formation component may approach to 100% infinite as 10% or more and an upper limit as a minimum be 
recommend. 
[0068] 

The minimum of the heat lens formation layer membrane thickness in a light absorption layer membrane is 
selected according to the ingredient of the heat lens formative layer so that it may indicate below. 
[0069] 

[The ingredient of the heat lens formative layer in a light absorption layer membrane, and thickness of the 
heat lens formative layer] 

Although the light absorption film of a monolayer itself may be made to act as the heat lens formative layer, 
the function of light absorption and heat lens formation is made to share with a separate ingredient, and it 
can also be used, carrying out the laminating of the optimal ingredient chosen respectively. 
[0070] 

As an ingredient of the heat lens formative layer in a light absorption layer membrane, a liquid, liquid 
crystal, and a solid ingredient can be used. It is suitable if the heat lens formative layer consists of an 
amorphous organic compound, an organic compound liquid, and an organic compound chosen from the 
group which consists of liquid crystal especially. In addition, when the quality of the materials of the heat 
lens formative layer are liquid crystal and a liquid, the light absorption film and/or a heat transfer layer 
membrane are created with the quality of the material of self-gestalt holdout, the depletion equivalent to heat 
lens formation layer thickness can be prepared, and the heat lens formative layer can be created by pouring 
in the heat lens formative layer ingredient of a flow condition there. What is necessary is on the other hand, 
to make one side or both sides of the heat lens formative layer carry out the laminating of the light 
absorption film, and just to create, when the quality of the material of the heat lens formative layer is a solid- 
state. 
[0071] 

The quality of the material of the heat lens formative layer may hope that it is not single, may be the cascade 
screen of two or more kinds of solid-states, and may carry out the laminating of a solid-state and the liquid. 
[0072] 

Although based also on the class of ingredient to be used, especially if the range of heat lens formation layer 
thickness is hundreds of micrometers from dozens of nanometers, it is [ that what is necessary is just the 
thickness of the range of 1mm from several nanometers ] suitable. 
[0073] 

As mentioned above, as for the thickness of the sum total of the light absorption layer membrane which 
comes to carry out the laminating of the heat lens formative layer, 1 , or the light absorption film of two 
sheets, it is desirable not to exceed the twice of the confocal distance of said control light which it 
converged. 
[0074] 

Although a liquid, liquid crystal, and a solid ingredient can be used as an ingredient of the heat lens 
formative layer in a light absorption layer membrane, in any case, an ingredient with the large temperature 
dependence of a refractive index is desirable. 
[0075] 

the physical -properties value of the refractive- index temperature dependence of a typical organic compound 
liquid and water - reference [-- D. - it is indicated by Solimini:J.Appl.Phys., vol.37, and 3314(1966)]. The 
temperature-change [unit of the refractive index to light with a wavelength of 633nm: 1/K] has large 
alcohol, such as a methanol (3.9x10-4), and its non-hydrogen bond nature organic solvents, such as a 
cyclopentane (5.7x10-4), benzene (6.4x10-4), chloroform (5.8x10-4), and a carbon disulfide (7.7x10-4), are 
still larger than water (0.8x10-4). 
[0076] 

When using liquid crystal as an ingredient of the heat lens formative layer in a light absorption layer 
membrane, the thing of well-known arbitration can be used as liquid crystal. Specifically Various 
cholesterol derivatives, a 4'-n-butoxy benzylidene-4-cyano aniline, 4*4, such as -n-hexyl benzylidene-4- 
cyano aniline,'-alkoxy benzylidene-4-cyano aniline, A 4 ethoxy benzylidene-4-n-butyl aniline and 4'- 
methoxybenzylideneamino azobenzene, 4'-alkoxy benzylidene aniline, such as 4-(4'-methoxy benzylidene) 
amino biphenyl and 4-(4'-methoxy benzylidene) amino stilbene, A 4'-cyano benzylidene-4-n- 
BUCHITOKISHI aniline, 4*4, such as - cyano benzylidene-4-n-hexyloxy aniline,'-cyano benzylidene-4- 
alkoxy aniline, 4'-n-buthoxycarbonyloxy benzylidene-4-methoxyaniline, Carbonates, such as p- 
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carboxyphenyl and n-amyl carbonate, and n-heptyl, 4-(4'-ethoxy phenoxy carbonyl) phenyl carbonate A 4-n- 
butyl benzoic acid and 4 f - ethoxy phenyl, 4-n-butyl benzoic-acid, and 4 ! -octyloxy phenyl, 4-alkyl benzoic 
acid and 4 , -alkoxy phenyl ester, such as a 4-n-pentyl benzoic acid and 4 f -hexyloxy phenyl Azoxybenzene 
derivatives, such as - G n-amyloxy azoxybenzene, and 4 and 4 '4, 4 ! -G n-nonyloxy azoxybenzene, Liquid 
crystal, such as a 4-cyano-4 f -n-octyl biphenyl and 4-cyano-4 f 4-cyano-4, such as -n-dodecyl biphenyl, f -alkyl 
biphenyls, And (2S, 3S) a -3-methyl-2-chloro pentanoic acid and4 f , a 4"-octyloxy biphenyl, Ferroelectric 
liquid crystals, such as a 4 ! -(2-methylbutyl) biphenyl-4-carboxylic acid and 4-hexyloxy phenyl, and a 4'- 
octyl biphenyl-4-carboxylic acid, 4-(2-methylbutyl) phenyl, can be used. 
[0077] 

When using a solid ingredient as an ingredient of the heat lens formative layer in a light absorption layer 
membrane, especially an amorphous organic compound with the big temperature dependence of a refractive 
index with small light scattering is suitable. Specifically, a thing well-known as resin for optics can be 
selected and used out of various organic polymeric materials like said matrix material. For Pori (methyl 
methacrylate), 1 .2x10-4 and a polycarbonate are [ 1 .4x10-4 and the polystyrene of the temperature change 
[unit:l/K] of the refractive index of the resin for optics indicated by reference [edited by TECHNICAL 
INFORMATION INSTITUTE, "development of the resin for the newest optics, the design of a property and 
high precision components and forming technique", TECHNICAL INFORMATION INSTITUTE (1993), 
and P. 35] ] 1 .5x10-4. These resin can be suitably used as an ingredient of the heat lens formative layer in a 
light absorption layer membrane. 
[0078] 

While the refractive- index temperature dependence of said organic solvent has the merit of being larger than 
the case of said resin for optics, the problem of boiling if the temperature rise by control light exposure 
reaches at the boiling point of an organic solvent has it (it is satisfactory when using the solvent of a high- 
boiling point). On the other hand, in the case of a polycarbonate, the resin for optics from which the volatile 
impurity was removed thoroughly is usable also in a severe condition to which the temperature rise by 
control light exposure exceeds 250 degrees C. 
[0079] 

[Incubation layer membrane] 

When using a gas as an incubation layer membrane, inert gas, such as nitrogen besides air, helium, neon, 

and an argon, can be used suitably. 

[0080] 

When using a liquid as an incubation layer membrane, thermal conductivity is equivalent to a light 
absorption layer membrane, or the liquid of arbitration can be used, if it is the quality of the material smaller 
than a light absorption layer membrane, and control light and signal light are penetrated and the quality of 
the material of a light absorption layer membrane is not dissolved or corroded. For example, fluid paraffin 
can be used when a light absorption layer membrane consists of a polymethyl methacrylate containing 
cyanine dye. 
[0081] 

When using a solid-state as an incubation layer membrane, thermal conductivity is equivalent to a light 
absorption layer membrane (light absorption film and heat lens formative layer), or if it is the quality of the 
material smaller than a light absorption layer membrane, and control light and signal light are penetrated and 
it does not react with the quality of the material of a light absorption layer membrane or a heat transfer layer 
membrane, the solid-state of arbitration can be used. For example, when a light absorption layer membrane 
consists of a polymethyl methacrylate containing cyanine dye, the polymethyl methacrylate [thermal 
conductivity 0.15Wm-lK-l in 300K] which does not contain coloring matter can be used as an incubation 
layer membrane. 
[0082] 

[The ingredient of a heat transfer layer membrane] 

The thing of arbitration can be used, if the quality of the material with larger thermal conductivity than a 
light absorption layer membrane is desirable as a heat transfer layer membrane, control light and signal light 
are penetrated and it does not react with the quality of the material of a light absorption layer membrane or 
an incubation layer membrane. As the quality of the material with high and thermal conductivity and the 
small light absorption in the wavelength band of a visible ray For example, a diamond [thermal conductivity 
900Wm-lK-l in 300K], sapphire [-- said 46Wm(s)-lK-l] and a quartz single crystal [c-axis — parallel — 
said 10.4Wm(s)-lK-l] and quartz-glass [-- said 1.38Wm(s)-lK-l] and hard-glass [-- said 1.10Wm(s)-lK-l] 
etc. can be suitably used as a heat transfer layer membrane. 
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[0083] 

[The ingredient of a light transmission layer] 

Although the laminating of the gradient index lens as a convergence means of said control light may be 
carried out and it may be prepared in the incidence side of said control light through the light transmission 
layer as shown in drawing 1 1 , as the quality of the material of a light transmission layer, the same thing as 
the quality of the material of a solid incubation layer membrane and/or a heat transfer layer membrane can 
be used for the heat lens formation component used by this invention. A light transmission layer is not only 
for making said control light and signal light penetrate efficiently but for pasting up a gradient index lens as 
a heat lens formation component component literally. What has the light transmittance of the wavelength 
band of said control light and signal light high among the so-called ultraviolet curing mold resin or electron 
ray hardening mold resin can be used especially suitably. 
[0084] 

[The creation approach of a heat lens formation component] 

The creation approach of the heat lens formation component used by this invention is selected by arbitration 
according to the class of ingredient which a heat lens formation component constitutes and uses, and a well- 
known approach can be used for it. 
[0085] 

For example, in the case of the above single crystals, the ingredient of light absorption nature used for the 
light absorption film in a heat lens formation component can create the light absorption film by cutting / 
polish processing of a single crystal. 
[0086] 

For example, when creating the heat lens formative layer which consists of light absorption film which 
consists of a matrix material containing coloring matter, and resin for optics, and the heat lens formation 
component of the configuration of "the heat transfer layer membrane / the light absorption film / heat lens 
formative layer / light absorption film / heat transfer layer membrane" used combining optical glass as a heat 
transfer layer membrane, the light absorption film can be first created on a heat transfer layer membrane by 
approach which are enumerated below. 
[0087] 

The approach of carrying out coating of the solution which dissolved coloring matter and a matrix material 
on the glass plate used as a heat transfer layer membrane by coating methods, such as the applying method, 
the blade coat method, the roll coat method, a spin coat method, a dipping method, and a spray method, or 
printing by print processes, such as the Taira version, letterpress, an intaglio, a mimeograph, a screen, and 
an imprint, and forming the light absorption film may be used. In this case, the inorganic system matrix 
material creation approach by the sol gel process can also be used for formation of the light absorption film. 
[0088] 

The electrochemical membrane formation technique, such as an electrodeposition process, an electrolytic 
polymerization method, and a micell electrolytic decomposition process (JP,63-243298,A), can be used. 
[0089] 

Furthermore, Lang Mia Blodgett's technique which moves the monomolecular film made to form on water 

can be used. 

[0090] 

As an approach of using the polymerization thru/or polycondensation reaction of a raw material monomer, 
when a monomer is a liquid, the casting method, the reaction injection mold method, a plasma 
polymerization method, a photopolymerization method, etc. are mentioned. 
[0091] 

Approaches, such as a sublimation replica method, vacuum deposition, vacuum evaporation technique, the 
ion beam method, the sputtering method, a plasma polymerization method, a CVD method, and organic 
molecular-beam vacuum deposition, can also be used. 
[0092] 

Spray into a high vacuum container from the spraying nozzle which prepared the organic system optical 
material of two or more components for every component in the state of a solution or dispersion liquid, it is 
made to deposit on a substrate, and the manufacture approach (patent official report No. 2599569) of the 
compound-die optical thin film characterized by heat-treating can also be used. 
[0093] 

The above creation approaches of the solid light absorption film can be suitably used, also when creating the 
incubation layer membrane which consists of solid organic polymeric materials. 
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[0094] 

Subsequently, when creating the heat lens formative layer using the thermoplastic resin for optics, the heat 
lens formation component of the configuration of "a heat transfer layer membrane / the light absorption 
film / heat lens formative layer / light absorption film / heat transfer layer membrane" can be created using 
vacuum hot pressing (JP,4-99609,A). That is, the laminating mold thin film of the above-mentioned 
configuration can be created by inserting the powder or sheet of the resin for thermoplastic optics by the 
heat transfer layer membrane (glass plate) of two sheets in which the light absorption film was formed on 
the front face, and carrying out hot press under a high vacuum by the above-mentioned approach. 
[0095] 

[The ingredient and the creation approach] of a gradient index lens 

Although the laminating of the gradient index lens as a convergence means of said control light may be 
carried out and it may be prepared in the incidence side of said control light through the light transmission 
layer, what of arbitration is well-known as the ingredient and the creation approach of this gradient index 
lens can be used for the heat lens formation component used by this invention. 
[0096] 

For example, [M. which can create the gradient index lens of a refractive-index distribution pattern with the 
organic macromolecule system quality of the material using osmosis and the diffusion phenomenon of a 
monomer Oikawa, KIga, T.Sanada : Jpn.J.Appl.Phys and 20(1) L51-L54(1981)]. That is, with a monomer 
exchange technique, a refractive-index distribution lens can be made on a flat substrate at a monolithic, for 
example, the methyl methacrylate (n= 1 .494) as low refractive-index plastics is diffused into the flat plastic 
plate of Pori isophthalic acid JIAKURIRU (n= 1 .570) which has a high refractive index from the 
surroundings of the mask of the circular disk of 3.6mmphi. 
[0097] 

Moreover, [M. which can use the diffusion phenomenon of inorganic ion and can create the gradient index 
lens of a refractive-index distribution pattern with the inorganic textile-glass-yam quality of the material 
Oikawa, KIga : Appl.Opt. and 21(6)1052-1056(1982)]. That is, in preparing the fenestera rotunda before 
and behind the diameter of 100 micrometers by the technique of a photolithography, soaking in fused salt, 
and making refractive-index distribution form according to the ion exchange, after attaching a mask to a 
glass substrate, the diameter of 0.9mm, the focal distance of 2mm, and the lens of numerical-aperture 
NA=0.23 can be made to form by impressing electric field over several hours and promoting the ion 
exchange. 
[0098] 
[Optical eel] 

The optical eel used with a coloring matter solution restoration type heat lens formation component A 
gestalt is effectually given to the function to hold a coloring matter solution, and a coloring matter solution. 
The function to have the function to make it act as the heat [ a light absorption layer membrane-cum-] lens 
formative layer, to receive further the signal light and control light which are converged and irradiated, and 
to make said signal light and said control light spread to said optical responsibility constituent, And after 
penetrating said optical responsibility constituent, it has the function which is made to spread said signal 
light to emit and carries out outgoing radiation. 
[0099] 

The gestalt of the optical eel used with a coloring matter solution restoration type heat lens formation 

component is divided roughly into an external gestalt and internal morphology. 

[0100] 

According to the configuration of the optical controlling expression optical-path change mold lightwave 
signal transmission equipment of this invention, as for the external gestalt of an optical eel, the thing of 
configurations, such as the shape of the shape of the shape of tabular and a rectangular parallelepiped, 
cylindrical, a semicircle column, and the square pole and the triangle pole, is used. 
[0101] 

It is the gestalt of the internal morphology of an optical eel, i.e., the coloring matter solution restoration 
section, and a gestalt is effectually given to a coloring matter solution. Specifically according to the 
configuration of the optical controlling expression optical-path change mold lightwave signal transmission 
equipment of this invention, the internal morphology of an optical eel can be suitably chosen from the shape 
of the shape of the shape of the shape of the shape of a thin film, a thick film, tabular, and a rectangular 
parallelepiped, cylindrical, a semicircle column, and the square pole, and the triangle pole, and a convex 
lens, and a concave lens etc. 
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[0102] 

The thing of arbitration can be used for the configuration and the quality of the material of an optical eel if 

the following requirements are satisfied. 

[0103] 

(1) Above external gestalten and internal morphology are maintainable to a precision in a service condition. 
[0104] 

(2) It is inactive to a coloring matter solution. 
[0105] 

(3) The presentation change by stripping, transparency, and osmosis of many components which constitute a 
coloring matter solution can be prevented. 

[0106] 

(4) A solution can be prevented from coloring matter deteriorating by contacting the gas or liquid which 
exists in operating environments, such as oxygen and water. 

[0107] 

As the quality of the material of an optical eel, it cannot be based on the class of coloring matter solution, 
but, specifically, various optical glass, such as soda glass and borosilicate glass, quartz glass, sapphire, etc. 
can be used suitably. Moreover, when the solvents of a coloring matter solution are water and an alcoholic 
system, plastics, such as Pori (methyl methacrylate), polystyrene, and a polycarbonate, can also be used. 
[0108] 

In addition, what is necessary is to restrict the function to prevent presentation change and degradation of a 
coloring matter solution among the above-mentioned requirements within the limits of the service life as a 
heat lens formation component, and just to be able to demonstrate it. 
[0109] 

The optical eel of the integral construction which built into said optical eel other optical elements used by 
this invention, i.e., a condenser lens, the light-receiving lens, the wavelength selection transparency filter, 
etc. can be used. 
[0110] 

[Count of a beam waist diameter] 

in order to use a thermal lensing effect effectively in the optical controlling expression optical path change 
mold lightwave signal transmission equipment of this invention, and the lightwave signal optical path 
change approach, it be desirable to set up the configuration and magnitude of a beam cross section of said 
signal light and said control light, respectively so that the beam cross-sectional area of said signal light in 
the field where the photon density near the focus (condense point) be the highest, i.e., a "beam waist", may 
not exceed the beam cross-sectional area of said control light in a beam waist. 
[0111] 

Hereafter, the case where it is the Gaussian beam from which the amplitude distribution of the electric field 
of a travelling direction beam cross section, i.e., the energy distribution of the flux of light, is Gaussian 
distribution is described. In addition, although the following explanation explains the case where a 
condenser lens (gradient index lens) is used as a beam convergence means, it is the same even if 
convergence means are a concave mirror and a refractive-index distributed lens. 
[0112] 

The situation of the bundle of rays in about 301 focus when completing the Gaussian beam by aperture 
angle 2theta with the condenser lenses 3 1 , such as drawing 1 , etc. and a wave front 300 is shown in drawing 
14 . Here, the location where the diameter of 2omega of the Gaussian beam of wavelength lambda becomes 
min is called "beam waist." Hereafter, 2omega of beam waist diameters shall be expressed with 0. For a 
diffraction operation of light, 0 does not become zero but has 2omega of values of finite. In addition, beam- 
radius omega and the definition of omega 0 are the distance when measuring the location where energy 
becomes 1 / e2 (e is the bottom of a natural logarithm) on the basis of the energy for a beam core of the 
Gaussian beam from a beam core, and a beam diameter is expressed with 2omega or 2omega0. Needless to 
say, at the core of a beam waist, a photon density is the highest. 
[0113] 

In the case of the Gaussian beam, the beam flare angle theta in a distant place is fully connected with 

wavelength lambda and the diameter omega 0 of a beam waist by the following formula [4] from a beam 

waist. 

[0114] 

(Several 1) 
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Pi-theta-omega 0 ** lambda — [4] 
Here, pi is a circular constant. 
[0115] 

The diameter omega 0 of a beam waist condensed with the condenser lens is calculable from the numerical 
aperture and focal distance of beam-radius omega which restricts when fulfilling the conditions of "being 
fully a distant place from a beam waist", and carries out incidence to a condenser lens using this formula, 
and a condenser lens. 
[0116] 

Furthermore, generally 0 can be expressed with the following formula [5] the beam waist diameter of 
2omega at the time of completing the parallel Gaussian beam (wavelength lambda) of beam -radius omega 
with the condenser lens of the effective opening radius a and a numerical aperture NA. 
[0117] 
(Several 2) 

2omega0 ** K-lambda/NA - [5] 

Here, since it cannot solve algebraically, a multiplier k can be determined by performing numerical-analysis 

count about the optical intensity distribution in a lens image formation side. 

[0118] 

If the ratio of the effective opening radius a of beam-radius omega which carries out incidence, and a 
condenser lens is changed into a condenser lens and numerical-analysis count is performed, the value of the 
multiplier k of a formula [5] can be found as follows. 
[0119] 
(Several 3) 

A/omega = 1 At the time k ** 0.92 
A/omega = 2 At the time k ** 1 .3 
A/omega = 3 At the time k ** 1 .9 
A/omega = 4 At the time k ** 3 
[0120] 

That is, as beam-radius omega is smaller than the effective opening radius a of a condenser lens, the 

diameter omega 0 of a beam waist becomes larger. 

[0121] 

For example, when signal light with a wavelength of 780nm is converged using a lens with a numerical 
aperture [ 0.25 ] and an effective opening radius of about 5mm as a condenser lens, if beam-radius omega 
which carries out incidence to a condenser lens is 5mm, a/omega is about 1 , and if 1 .4 micrometers and 
omega of the radius omega 0 of a beam waist are 1 .25mm, omega 0 will be calculated for a/omega with 4.7 
micrometers by about 4. When control light with a wavelength of 633nm is converged similarly, if beam- 
radius omega is 5mm, a/omega is about 1, and if 1.2 micrometers and omega of the radius omega 0 of a 
beam waist are 1 .25mm, omega 0 will be calculated for a/omega with 3.8 micrometers by about 4. 
[0122] 

What is necessary is just to expand a beam diameter until the intensity distribution of the light beam which 
carries out incidence to a condenser lens become close to a plane wave in order for the photon density near 
the focus of a condenser lens to make min the cross-sectional area of the light beam in the highest field, i.e., 
a beam waist, so that clearly from this example of count (beam expanded). Moreover, it also turns out that 
the diameter of a beam waist becomes small, so that the wavelength of light is short, when the beam 
diameter which carries out incidence to a condenser lens is the same. 
[0123] 

As mentioned above, in order to use a thermal lensing effect effectively in the optical controlling expression 
optical-path change mold lightwave signal transmission equipment of this invention, and the lightwave 
signal optical-path change approach, it is desirable to set up the configuration and magnitude of a beam 
cross section of said signal light and said control light, respectively so that the beam cross-sectional area of 
said signal light in the field where the photon density near the beam waist is the highest may not exceed the 
beam cross-sectional area of said control light in a beam waist. If it is the case where signal light and control 
light use the Gaussian beam, according to the above explanation and a formula, in the state of the collimated 
beam before converging with convergence means, such as a condenser lens According to wavelength, carry 
out beam expanded of the beam diameter of signal light and control light if needed, and by adjusting The 
beam cross-sectional area of said signal light in the field where the photon density near the beam waist is the 
highest can be prevented from exceeding the beam cross-sectional area of said control light in a beam waist. 
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The optical system of the Kevlar mold which consists of a well-known thing, for example, two convex 

lenses, as a beam expanded means can be used. 

[0124] 

[Count of confocal distance Zc] 

Generally, in the case of the Gaussian beam, in the section of confocal distance Zc, it can consider mostly 
that a convergence beam is parallel light [ near the beam waist of the flux of light which it converged with 
convergence means, such as a convex lens, (i.e., a focus) ], and confocal distance Zc can be expressed with 
the formula [6] which used a circular constant pi, the beam waist radius omega 0, and wavelength lambda. 
[0125] 
(Several 4) 

Zc = piomega02/lambda — [6] 

A formula [7] will be obtained if a formula [5] is substituted for omega 0 of a formula [6]. 

[0126] 

(Several 5) 

Zc ** pi(k/NA)21ambda/4 - [7] 
[0127] 

For example, when signal light with a wavelength of 780nm is converged using a lens with a numerical 
aperture [ 0.25 ] and an effective opening radius of about 5mm as a condenser lens, if beam-radius omega 
which carries out incidence to a condenser lens is 5mm, a/omega is about 1, if 8.3 micrometers and omega 
of 1 .4 micrometers and confocal distance Zc are 1 .25mm as for the radius omega 0 of a beam waist, by 
about 4, omega 0 will be calculated with 4.7 micrometers and confocal distance Zc will be calculated for 
a/omega with 88 micrometers. When control light with a wavelength of 633nm is converged similarly, if 
beam-radius omega is 5mm, a/omega is about 1, if 6.7 micrometers and omega of 1 .2 micrometers and 
confocal distance Zc aire 1 .25mm as for the radius omega 0 of a beam waist, by about 4, omega 0 will be 
calculated with 3.8 micrometers and confocal distance Zc will be calculated for a/omega with 71 
micrometers. 
[0128] 

[Numerical aperture of a condenser lens and a light-receiving lens] 

Although it is irradiating so that signal light and control light may be completed with a condenser lens on 
the same axle and a focus may be connected into a heat lens formation component in the optical controlling 
expression optical-path change mold lightwave signal transmission equipment of this invention, and the 
lightwave signal optical-path change approach When receiving the light which carries out outgoing radiation 
at a larger aperture include angle than usual from a heat lens formation component with a light-receiving 
lens and collimating in parallel light, it is the numerical aperture (it is hereafter referred to as NA.) of this 
light-receiving lens. Setting up so that it may become larger than NA of a condenser lens is recommended. 
Furthermore, NA of a light-receiving lens has the desirable more than twice of NA of a condenser lens. 
However, when the effective opening radius a of a condenser lens is large (namely, a/omega> 1) from beam- 
radius omega which carries out incidence to a condenser lens, the substantial numerical aperture of a 
condenser lens is smaller than the numerical aperture of a condenser lens. Therefore, the numerical aperture 
of a light-receiving lens is larger than the substantial numerical aperture of a condenser lens instead of 
condenser lens numerical aperture, and it is desirable to set up more than twice. Even if expanded more than 
to the twice at the time of the beam diameter of signal light carrying out incidence of the NA of a light- 
receiving lens to a heat lens formation component by making it into twice [ more than ] NA of a condenser 
lens, it becomes possible to receive light without loss. 
[0129] 

[The optimal thickness of a light absorption layer membrane] 

Thickness of 1 which constitutes a light absorption layer membrane, or the light absorption film of two 
sheets was not changed, but heat lens formation layer thickness was changed, and the sample was produced, 
and as a result of experimenting about two or more heat lens formation components from which thickness 
differs by optical-density regularity, when it was made twice the confocal distance Zc calculated as 
mentioned above into the upper limit of the thickness of a light absorption layer membrane, it turned out that 
the optical speed of response of a thermal lensing effect becomes a high speed enough. 
[0130] 

About the minimum of the thickness of a light absorption layer membrane, as long as a thermal lensing 

effect can be demonstrated, as thin, it is more desirable. 

[0131] 
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[Thickness of an incubation layer membrane] 

An optimum value (a lower limit and upper limit) which makes the magnitude and/or the rate of an optical 
response max exists in the thickness of an incubation layer membrane. The value can be experimentally 
determined according to the quality of the material of the quality of the material of the configuration of a 
heat lens formation component, and a light absorption layer membrane and thickness, and an incubation 
layer membrane, the quality of the material of a heat transfer layer membrane, thickness, etc. As a heat 
transfer layer membrane, as the quality of the material of usual borosilicate glass, an incubation layer 
membrane, and the heat lens formative layer For example, a polycarbonate, as the light absorption film — 
the vacuum evaporationo film of a platinum phthalocyanine — using — glass (a heat transfer layer membrane 
--) 150 micrometers of thickness, a polycarbonate resin layer (incubation layer) / platinum phthalocyanine 
vacuum evaporationo film (the light absorption film — ) 0.2 micrometers of thickness, a polycarbonate resin 
layer (heat lens formative layer, 20 micrometers of thickness) / platinum phthalocyanine vacuum 
evaporationo film (the light absorption film --) When the heat lens formation component of the 
configuration of 0.2 micrometers of thickness, a polycarbonate resin layer (incubation layer) / glass (a heat 
transfer layer membrane, 1 50 micrometers of thickness) is created, preferably, from 5nm, the thickness of an 
incubation layer membrane is 5 micrometers, and is 50nm to 500nm still more preferably. 
[0132] 

[Thickness of a heat transfer layer membrane] 

An optimum value (in this case, lower limit) which makes the magnitude and/or the rate of an optical 
response max exists also in the thickness of a heat transfer layer membrane. The value can be 
experimentally determined according to the quality of the material of the quality of the material of the 
quality of the material of the configuration of a heat lens formation component, and a light absorption layer 
membrane and thickness, and an incubation layer and thickness, and a heat transfer layer membrane etc. As 
a heat transfer layer membrane, as the quality of the material of usual borosilicate glass, an incubation layer 
membrane, and the heat lens formative layer For example, a polycarbonate, as the light absorption film — 
the vacuum evaporationo film of a platinum phthalocyanine — using — glass (a heat transfer layer membrane 
--) 1 50 micrometers of thickness, a polycarbonate resin layer (incubation layer) / platinum phthalocyanine 
vacuum evaporationo film (the light absorption film — ) 0.2 micrometers of thickness, a polycarbonate resin 
layer (heat lens formative layer, 20 micrometers of thickness) / platinum phthalocyanine vacuum 
evaporationo film (the light absorption film — ) When the heat lens formation component of the 
configuration of 0.2 micrometers of thickness, a polycarbonate resin layer (incubation layer) / glass (a heat 
transfer layer membrane, 150 micrometers of thickness) is created, 10 micrometers of minimums of the 
thickness of a heat transfer layer membrane are 100 micrometers still more preferably preferably. In 
addition, although there is nothing, the constraint from the magnitude and/or the rate of the optical response 
about the upper limit of the thickness of a heat transfer layer membrane needs to make consistency have 
with the method of the condenser lens used and a light-receiving lens, a focal distance, and the working 
distance (working distance), and it is necessary to design it. 
[Example] 
[0133] 

Hereafter, the operation gestalt of this invention is explained to a detail, referring to an example. 

[0134] 

[Example 1] 

The outline configuration of the optical controlling expression optical-path change mold lightwave signal 
transmission equipment of an example 1 is shown in drawing 1 a. The optical controlling expression optical- 
path change mold lightwave signal transmission equipment of drawing 1 a The control light light sources 
21, 22, and 23 from which the one signal light light source 20 and signal light 120 differ in wavelength, 
whose number is three and from which wavelength differs mutually, The dichroic mirrors 51, 52, and 53 for 
arranging all the opticals axis of the signal light 120 and three control light 121,122,123, and making it 
spread in this direction on the same axle, The condenser lens 10 for doubling the signal light 120 and three 
control light 121,122,123, and carrying out incidence to an optical fiber 100, The optical fiber 100 which 
doubles and transmits the signal light 120 and three control light 121,122,123, The collimate lens 30 for 
returning substantially the signal light 120 and three control light 121,122,123 which carry out outgoing 
radiation from an optical fiber 100 to a collimated beam, "A heat lens incident light condenser lens (31, 32, 
33), a heat lens formation component (1, 2, 3), The case where the optical-path change devices 91, 92, and 
93 which consist of a heat lens outgoing radiation light light-receiving lens (41, 42, 43), a wavelength 
selection transparency filter (81, 82, 83), and a mirror with a hole (61, 62, 63)" are connected with a three- 
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step serial is illustrated. It is condensed with the condenser lens 401 of rectilinear-propagation outgoing 
radiation signal light, and the rectilinear-propagation signal light 111 and 112 which carries out outgoing 
radiation from the optical-path change devices 91 and 92 carries out incidence of the rectilinear-propagation 
signal light 1 13 which is spatially combined and carries out incidence respectively to the heat lens incident 
light condenser lenses 32 and 33 of the latter optical -path change devices 92 and 93 and which carries out 
outgoing radiation from the 3rd step of optical-path change device 93 to the optical fiber 101 of rectilinear- 
propagation outgoing radiation signal light. Moreover, the signal light 21 1,212,213 which an optical path 
changes and carries out outgoing radiation is respectively condensed from the optical-path change devices 
91, 92, and 93 with the outgoing radiation signal light condenser lenses 71, 72, and 73 after an optical -path 
change, and incidence is carried out to the outgoing radiation signal light optical fibers 11, 12, and 13 after 
an optical -path change. The usual single mode auartz optical fibre (die length 10 thru/or 100m) was used as 
optical fibers 11, 12, and 13,100,101. According to the permeability / transmission-distance property of 
control light and signal light, it can be used instead of a single mode auartz optical fibre, being able to 
choose a multimode auartz optical fibre, SI mold plastic optical fiber, GI mold plastic optical fiber, etc. 
[0135] 

The connectivity number of an optical-path change device corresponds to the number of the signal light light 
sources with which wavelength differs mutually. However, the number of stages which can be connected 
from the permeability of the signal light per one step of optical-path change device, the early age strength of 
the signal light which carries out incidence to optical controlling expression optical-path change mold 
lightwave signal transmission equipment, and signal light reinforcement required for the last target is 
calculated. For example, if the permeability per one step of optical-path change device is 85% (0.7dB is 
decreased as signal strength), the comprehensive permeability in four-step serial connection will become 
52.2% (this 2.8dB attenuation). 
[0136] 

The three-step serial configuration shown in drawing 1 a is hereafter made into an example, and it explains 
to a detail. In addition, the partial diagrammatic view which added further the partial diagrammatic view 
which extracted the parts of the condenser lens 3 1 in drawing 1 a and the heat lens formation component 1 
for the light-receiving lens 41, the mirror 61 with a hole, etc. to drawing 7 and drawing 8 is shown in 
drawing 9 and drawing 10 . Moreover, when you make the optical -path change devices 91, 92, and 93 
connect with a space joint mold as it is shown in drawing 1 a, in order to avoid that the block diagram of the 
equipment which established three or more optical-path change devices becomes complicated, suppose that 
a part of outline block diagram (left figure of drawing 2 a) of the optical-path change device of a space joint 
mold is symbolized, and it displays as shown in [ in the right figure of drawing 2 a]. That is, for example, 
the optical controlling expression optical-path change mold lightwave signal transmission equipment of 
drawing 1 a is displayed with the outline block diagram symbolized in part like drawing 1 b. Except that the 
notation approaches differ, since drawing 1 a and drawing 1 b are the outline block diagrams of the same 
contents, when drawing 1 a and drawing 1 b do not need to be distinguished, they decide to only call it 
"drawing 1 " hereafter. 
[0137] 

Moreover, although two or more optical-path change devices can also be made to connect with an optical- 
fiber joint mold, suppose that the outline block diagram of the optical-path change device of an optical-fiber 
joint mold is omitted in this case, and it displays like drawing 3 . 
[0138] 

In addition, in drawing 1 a thru/or drawing 3 and drawing 7 thru/or drawing 10 , although the heat lens 
formation component 1 is illustrated as the three-tiered structure "heat transfer layer membrane 501 / light 
absorption layer membrane 503 / heat transfer layer membrane 502", it is not limited to this. 
[0139] 

In this example, the coloring matter solution restoration type heat lens formation component 800 ( drawing 
21 ) respectively filled up with the solution of the above-mentioned coloring matter [1], [2], and [3] was 
used as heat lens formation components 1, 2, and 3. o-dichlorobenzene thoroughly dehydrated and deaerated 
as a solvent in which said coloring matter is dissolved was used. The optical eel 809 set spacing in the 
thickness of the coloring matter solution restoration section 808, i.e., the interior of incidence and outgoing 
radiation side glass 801 and 802, to 200 micrometers using the thing of the same configuration about the 
heat lens formation components 1, 2, and 3. AR coat was given to the external surface of the incidence and 
the outgoing radiation side glass 801 and 802 of the optical eel 809. Moreover, after performing restoration 
and degassing processing of a coloring matter solution, melting and the seal of the inlet 807 of the optical 
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eel 809 were done. The concentration of a coloring matter solution was adjusted between 0.2 thru/or 2 % of 
the weight, and about coloring matter [1], [2], and [3], respectively, 0.0 thru/or 0.2%, the permeability of 
532nm, 670nm, and 800nm adjusted it so that the permeability of 850nm of signal light might become 85 
thru/or 99%. 
[0140] 

this example — the incidence signal light 110 from an optical fiber 100 — a collimate lens 30 — 5.0mm of 

beam radii — he is trying to become a parallel ray mostly 

[0141] 

In this example, as the light source 20 of the signal light 120, although surface-emitting type semiconductor 
laser with an oscillation wavelength of 850nm which can be modulated by 2.5GHz is used, the oscillation 
wavelength of 1 350nm and the semiconductor laser light in which a 1 550nm ultra high-speed modulation is 
possible may be used. Moreover, the signal light of the wavelength of these plurality may be used for 
coincidence. In this example, the signal light optical path is respectively changed to the heat lens formation 
components 1 , 2, and 3 by intermittence of control light, using semiconductor laser (the secondary higher 
harmonic with an oscillation wavelength of 532nm of a semi-conductor excitation Nd:YAG laser, 670nm, 
and 800nm) as the control light light sources 21, 22, and 23 which irradiate the control light 121,122 and 
123 for making a heat lens form respectively. Beam shaping is carried out and the control light 121,122 and 
123 uses so that each may become the parallel ray of 4.5mm of beam radii. The laser power of the control 
light light source may be 2 thru/or lOmW also in which this side of condenser lenses 31, 32, or 33. 
[0142] 

The control light 121,122 and 123 and the signal light 1 10,1 1 1 and 1 12 are respectively completed with the 
common condenser lenses 31, 32, and 33, and it is irradiating to the heat lens formation components 1, 2, 
and 3, respectively. Before carrying out incidence to an optical fiber 100 so that each beam waists of control 
light and signal light may overlap mutually in a heat lens formation component, signal light and control light 
are adjusted so that dichroic mirrors 51, 52, and 53 may be used and the same optical axis, and signal light 
and control light may become parallel mutually. By doing in this way, it becomes possible to use efficiently 
for travelling direction modification of signal light the thermal lensing effect formed of the light absorption 
in a control light beam waist location. 
[0143] 

Each of said signal light and three control light used that whose optical intensity distribution of a beam cross 
section are Gaussian distribution. If such a laser light is condensed with a lens, the optical intensity 
distribution in a beam waist (a condensing point; focus) will turn into Gaussian distribution. The heat lens 
formation component containing said light absorption film is irradiated through a condenser lens by making 
into control light laser light of the wavelength band absorbed by the light absorption film, if it is made to 
converge in the light absorption layer membrane containing the heat lens formative layer, the light 
absorption film will absorb laser light, the temperature of the heat lens formative layer rises, consequently a 
refractive index falls. If the light which became Gaussian distribution as mentioned above is irradiated, it 
converges a part for the core of Gaussian distribution with strong optical reinforcement, and the irradiated 
place will take "the lead in light absorption", and the temperature of the part will become [ a refractive 
index ] the smallest most highly. It functions like [ the distribution to which the refractive index of the light 
absorption layer membrane which contains the heat lens formative layer with the heat which the light 
absorption turned to a periphery from a part for the core of light absorption changes to heat, and is spread 
further around changes spherically towards the exterior from a light absorption core, and a refractive index 
becomes high towards / the refractive index based on light absorption is low, and / the exterior is produced, 
and ] a concave lens in this. That is, the velocity of light in case, as for light, light passes through the place 
where a part for the core of Gaussian distribution with strong optical reinforcement was irradiated greatly [ a 
rate ] therefore in a place smaller than the large place of a refractive index is larger than the velocity of light 
in case light passes through the place where the circumference part of Gaussian distribution with optical 
weak reinforcement was irradiated. Therefore, it turns at light in the direction in which the circumference 
part of Gaussian distribution with optical weak reinforcement was irradiated. Locally, this is the same 
actuation as the concave lens in the inside of atmospheric air. Since the advancing own flux of light of 
control light also deforms in fact with the heat lens which control light was irradiated into the light 
absorption layer membrane which is condensed with a condenser lens 3 1 etc. and contains the heat lens 
formative layer, and light absorption happened to multiplex in the travelling direction of convergence light, 
and was formed in multiplex, the thermal lensing effect observed differs from what is depended on a single 
concave lens like the after-mentioned. 
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[0144] 

In this example, the signal light which passed the heat lens formation components 1 , 2, and 3 is mostly 
collimated in parallel light with the light-receiving lenses 41, 42, and 43. The numerical aperture (hereafter 
referred to as "NA".) of this light-receiving lens is set up so that it may become larger than NA of a 
condenser lens. In NA of a condenser lens, in this example, NA of 0.25 and a light-receiving lens uses 0.55. 
NA of a light-receiving lens has the desirable more than twice of NA of a condenser lens. If this relation is 
satisfied, the combination of NA of a condenser lens and a collimate lens will not be restricted to this 
example. Even if expanded more than to the twice at the time of the beam diameter of signal light carrying 
out incidence of the NA of a light-receiving lens to a heat lens formation component by making it into twice 
[ more than ] NA of a condenser lens, it becomes possible to receive light without loss. In addition, in this 
example, it presupposed that the focal distance of a condenser lens and a light-receiving lens is the same, 
and the effective diameter of a condenser lens used about 10mm thing. 
[0145] 

Incidence of the signal light which collimated with the light-receiving lenses 41, 42, and 43 is carried out to 
the mirrors 61, 62, and 63 with a hole. It becomes possible to change the optical path of signal light by 
preparing this mirror with a hole so that it may explain to a detail later. 
[0146] 

If coincidence is irradiated so that a focus may be connected [ in / for the control light of the wavelength in 
the absorption band region of a light absorption layer membrane, and the signal light which is the 
wavelength of a transparency band / the location 5 near the plane of incidence of the light absorption layer 
membrane of the heat lens formation component 1 ] as shown in drawing 7 (a) With the heat lens 50 formed 
in the location near plane of incidence of control light as shown in drawing 8 (a), outgoing radiation of the 
signal light is carried out at the larger aperture include angle as an outgoing radiation light 201 diffused so 
that a cross section might spread in the shape of a ring than the usual outgoing radiation light 200. Outgoing 
radiation is carried out as an outgoing radiation light 1 19 on which it converged signal light with the heat 
lens 60 formed in the location near an outgoing radiation side of control light as it was shown in drawing 8 
(b), when coincidence was irradiated so that a focus may be connected [ in / as shown in drawing 7 (b) on 
the other hand / the location 6 near the outgoing radiation side of the light absorption layer membrane of a 
heat lens formation component ]. If neither of drawing 7 (a) and drawing 7 (b) of the cases irradiates control 
light, as a dotted line shows, only signal light will carry out outgoing radiation of the signal light to drawing 
8 (a) and drawing 8 (b) as an outgoing radiation light 200 of the usual aperture include angle, without being 
influenced of the heat lenses 50 or 60. 
[0147] 

In order to investigate such a thermal lensing effect, the difference of the optical intensity distribution in the 
signal light beam cross section corresponding to the existence of a thermal lensing effect and a difference of 
a condensing point location was measured. Namely, in the equipment which shows an outline to drawing 1 
or drawing 9 , it considers as the numerical aperture 0.55 of the light-receiving lens 41, and the numerical 
aperture 0.25 of a condenser lens 31 . The optical intensity-distribution measuring instrument 700 as shows 
an outline to drawing 13 instead of the mirror 61 with a hole is installed. All the signal light beams that 
penetrated the heat lens formation component 1 were received with the light-receiving lens 41, incidence 
was carried out as a parallel ray to the light sensing portion 701 (effective diameter of 20mm) of said optical 
intensity-distribution measuring instrument, and the optical intensity distribution of a signal light beam cross 
section were measured. A measurement result is shown in drawing 1 8 , drawing 19 , and drawing 20 . As an 
optical intensity-distribution measuring instrument is shown in drawing 13 , the first slit 702 with a width of 
face of 1mm is formed to a light sensing portion 701 (effective diameter of 20mm) here. In the die-length 
direction of the first slit, i.e., drawing 13 , to the sense of a point 710 to the point 720 It is equipment which 
move the second slit 703 with a width of face of 25 micrometers with constant speed, and the luminous 
intensity which passed the aperture of the rectangle which is lmmx25micrometer which the slit of two 
sheets makes is made to correspond to the migration location of said aperture, and is measured. What is 
necessary is just to record the output of the detector which received the light which passed said aperture on 
the storage oscilloscope synchronized with the passing speed of the second slit 703, in order to make it 
correspond to the migration location of said aperture and to measure optical reinforcement. Drawing 18 - 
drawing 20 show the optical intensity distribution about the light beam cross section of the signal light 
recorded on the storage oscilloscope as mentioned above, an axis of abscissa (location in a light beam cross 
section) corresponds to the location which the core of a light sensing portion 701 was set to 0, the negative 
direction was defined for the point 710 of drawing 13 , it defined the forward direction and the coordinate 
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for the point 720, and was expressed, and an axis of ordinate expresses optical reinforcement. 
[0148] 

Drawing 18 is the optical intensity distribution of said signal light beam cross section when it corresponds in 
the case of drawing 9 (a), and control light does not carry out incidence to the heat lens formation 
component 1 but only signal light carries out incidence. The optical intensity distribution in this case are 
distribution (in general "Gaussian distribution") in which reinforcement becomes weaker as the 
reinforcement for a core is strong and goes on the outskirts. Therefore, if the mirror 61 with a hole which 
has the hole 161 of magnitude sufficient in this case is installed like drawing 9 (a), all the signal light beams 
1 1 1 can pass through the hole 161 of a mirror with a hole. If the beam diameter of the signal light beam 1 1 1 
made into parallel light here with dl and the light-receiving lens 41 (focal distance f2) in the beam diameter 
of the signal light which carries out incidence to a condenser lens 31 (focal distance fl) as an parallel light is 
settod2, 
(Several 6) 
fl:f2=dl:d2 - [8] 

It comes out, and since it is, d2 can be calculated by the following formula. 

[0149] 

(Several 7) 

d2=(f2/fl)xdl - [9] 

[0150] 

By this example 1 , the mirror 61 with a hole has the optical axis of signal light, and the include angle of 45 

degrees, and is installed. Moreover, the cross section of the signal light which passes through a hole 161 is 

circular. Therefore, the configuration of a hole 161 needs to be the ellipse of a minor axis Dl and a major 

axis D2, and Dl and D2 have the relation of the following formula [10]. 

[0151] 

(Several 8) 

D2=Dlxroot2 - [10] 

[0152] 

Here, the minor axis Dl of the ellipse form hole 161 of the mirror 61 with a hole should be just larger than 
the beam diameter d2 of the signal light beam 1 1 1 called for from a formula [9]. However, if Dl is too large, 
a part of signal light expanded in the shape of a ring by the exposure of control light will pass. That is, it is 
dl.01 times 2 and 1.2 times the optimum value of Dl of this, and is it more preferably. [ of this ] [ 1.02 
times thru/or 1 . 1 times ] 
[0153] 

In this example 1, the focal distance fl of a condenser lens 31 and the focal distance £2 of the light-receiving 
lens 41 presupposed that it is the same. Therefore, the beam diameter d2 of the signal light 1 1 1 made into 
parallel light with the beam diameter dl and light-receiving lens of the signal light 110 which carries out 
incidence to a condenser lens 3 1 is the same, and is 10mm as mentioned above. Therefore, 10. 1mm thru/or 
12mm are desirable, and is 10.2mm thru/or 1 1mm more preferably, and the minor axis Dl of the ellipse 
form hole 161 of the mirror 61 with a hole in this example 1 could be 10.5mm in fact. D2 is 14.8mm from a 
formula [7]. Moreover, the thing of the magnitude (50mm angle) which can 45-degree reflect a beam with a 
diameter of 30mm was used for the size of a mirror. 
[0154] 

Drawing 19 is the optical intensity distribution of the signal light beam cross section when setting a focus 
(condensing point) as the location 5 (incidence side of light) near the condenser lens 3 1 of the heat lens 
formation component 1, and irradiating control light. The optical reinforcement for a core of the optical 
intensity distribution in this case is weak, and they are the distribution to which optical reinforcement 
increases in the shape of a ring on the outskirts. Zero are approached as the optical reinforcement of the core 
of a signal light beam cross section decreases depending on the physical relationship of control light 
reinforcement and the heat lens formation component 1 , and a focus and its control light reinforcement 
increases. Moreover, the maximum location of signal light reinforcement was a bigger value (diameter of 
about 1 5mm) than the original beam diameter. 
[0155] 

Use of the thermal lensing effect corresponding to drawing 20 is indicated in the example 2. 
[0156] 

As mentioned above, if it collects, in optical arrangement of drawing 8 (a), it corresponds to the existence of 
a control light exposure. The optical intensity distribution of the beam cross section of the signal light which 
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passed the heat lens formation component are changed to ring-like distribution of drawing 19 between the 
Gaussian distribution of drawing 18 (when it is a control **** exposure), (when it is a control light 
exposure) The change of the optical path of signal light is attained by talcing this out separately, respectively 
by the mirror with a hole which suited the configuration of the optical intensity distribution of a signal light 
beam cross section. 
[0157] 

By this example 1, the mirror 61 with a hole has the optical axis of signal light, and the include angle of 45 
degrees, and is installed. The mirror side of the mirror 61 with a hole created dielectric multilayers by the 
sputtering method on the glass side, and what was adjusted so that a reflection factor might become die 
maximum on the wavelength of signal light was used for it. The ellipse-like hole was leaned 45 degrees to 
glass, was made in it, and the part of the hole 161 of the mirror 61 with a hole created it on it. It is more 
desirable to make a hole, since a glass side has several % reflection and attenuation and the cross talk of 
signal light happen instead of making a hole, although it is not necessary to attach the reflective film in the 
shape of an ellipse, in order that the inside of a hole may prevent the stray light by light scattering etc., it is 
smooth and nonreflective processing is carried out — things are desirable. Moreover, gold, silver, etc. are 
[ that what is necessary is just the ingredient which has reflection in not only dielectric multilayers but the 
control light to be used, and signal light ] sufficient as the reflective film. 
[0158] 

by optical-path change, as shown in drawing 1, the signal light (switch signal light) 21 1,212 and 213 which 
it turned 90 degrees and was taken out from the travelling direction since signal Mitsumoto condenses with 
condenser lenses 71, 72, and 73, and carries out incidence to optical fibers 11, 12, and 13. 
[0159] 

the case where all the light sources 21, 22, and 23 of control light have gone out — signal light — a thermal 
lensing effect — not winning popularity — the signal light 1 1 1,1 12 — subsequently outgoing radiation is 
carried out as 113. The outgoing radiation signal light 1 13 is condensed with a condenser lens 401, and 
incidence is carried out to an optical fiber 101. 
[0160] 

In addition, incidence is carried out to a photodetector etc. instead of optical fibers 1 1, 12, 13, or 101, and 

information may be changed into an electrical signal and may be taken out. 

[0161] 

Here, unless the permeability of the control light in the heat lens formation components 1 , 2, and 3 is 0%, 
the control light of the part equivalent to permeability also penetrates and carries out outgoing radiation of 
the heat lens formation components 1 , 2, and 3. In order to avoid that this control light carries out incidence 
to a latter heat lens formation component etc., and raises malfunction thru/or a cross talk, it is necessary to 
bring the permeability of each control light in the heat lens formation components 1 , 2, and 3 to 0% close 
infinite. Furthermore, it is desirable to form the wavelength selection transparency filters 81, 82, and 83 the 
back of the heat lens formation components 1, 2, and 3 or behind condenser lenses 41, 42, and 43. As these 
wavelength selection transparency filters, the light of the wavelength band of each control light is 
intercepted completely, and on the other hand, if it is the wavelength selection transparency filter which can 
penetrate efficiently the light of the wavelength band of the control light for signal light and a latter optical- 
path change device, the thing of well-known arbitration can be used. For example, plastics and glass which 
were colored with coloring matter, the glass which prepared dielectric multilayers in the front face can be 
used. The thin film which consists of such a charge of wavelength selection transparency filter material may 
be formed in the front face of condenser lenses 41, 42, and 43 by technique, such as a coating method and 
the sputtering method, and the function as said wavelength selection transparency filter may be 
demonstrated. 
[0162] 

The optical controlling expression optical-path change mold lightwave signal transmission equipment of this 
example connects with a three-step serial the optical-path change device which consists of "a condenser 
lens, a heat lens formation component, a light-receiving lens, and a mirror with a hole." Therefore, it 
receives that signal light goes straight on and carries out incidence to an optical fiber 101 when all control 
light is switched off. When the signal light 211 switches off the control light 21 to an optical fiber 1 1 when 
the control light 21 is turned on, and the control light 22 is turned on to it, the signal light 212 to an optical 
fiber 12 Furthermore, when the control light 21 and 22 is switched off and the control light 23 is turned on, 
an optical path is changed to an optical fiber 13, and the signal light 213 carries out outgoing radiation to it. 
A next example explains the case which turns on two or more control light to coincidence. 
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[0163] 

In the optical controlling expression optical-path change mold lightwave signal transmission equipment of 
this example 1 , in order to measure the optical speed of response of the optical-path change device of the 1 st 
step, signal light was made into continuation light, on the other hand, the control light 121 was irradiated as 
a square wave chopped-light line of a duty ratio 1 :1 by the frequency of several Hz to 100kHz, and the size 
of the signal luminous-intensity amplitude by which the optical-path change was carried out was compared. 
[0164] 

the wave of the control light which led the control light 121 from the control light light source 21 shown in 
drawing 1 to the photodetector, and was measured on the oscilloscope — the wave of the signal light which 
led to the photodetector the signal light 21 1 by which the optical-path change was carried out corresponding 
to blinking of 1210 and the control light 121, and was measured on the oscilloscope — 1220 is shown in 
drawing 1 5 and drawing 16 . In addition, the axis of ordinate of drawing 16 is expanded by 3 times in the 
case of drawing 15 . moreover, the wave of the signal light corresponding to [ set the frequency of the 
square wave which is intermittent in the control light 121 as 200Hz thru/or 100kHz, and ] intermittence of 
the signal light at that time — the result of having measured the amplitude L of 1220 is shown in drawing 
17 . 
[0165] 

the wave of the signal light corresponding to [ are 500Hz in frequency of the square wave which is 
intermittent in the control light 121 (drawing 1) in drawing 15 , and ] intermittence of the signal light at this 
time — when the amplitude L of 1220 was set to 1 of criteria, in 2kHz, the amplitude L was about 1 from the 
frequency range 0.2 of the square wave which is intermittent in the control light 121 (drawing 1). That is, it 
was checked in 500 microseconds that a perfect optical-path change is possible. This is the high-speed 
response of more than twice compared with the optical switch (a speed of response is ms order) using the 
thermooptic effect which used the electric heater. 
[0166] 

furthermore, the wave of signal light [ in / as an example at the time of raising a frequency / the frequency of 
20kHz ] — 1220 is shown in drawing 16 . If control light is switched off before the optical -path change by 
the thermal lensing effect is completed so that drawing 16 may show, the wave of signal light becomes the 
shape of a cutting edge of a saw, and the amplitude L becomes small. That is, if the speed of response of a 
thermal lensing effect is exceeded, the change of an optical path will become imperfect, and a part of signal 
light goes straight on, without carrying out an optical-path change. 
[0167] 

When the signal light 122 and 123 was respectively made intermittent and the same measurement as that of 
the optical speed of response measurement performed in the above optical-path change devices of the 1st 
step was carried out in the optical-path change device of the 2nd step and the 3rd step, the high-speed 
response equivalent to the 1st step was shown. 
[0168] 

In order to measure the endurance of the optical controlling expression optical-path change mold lightwave 
signal transmission equipment of this example 1, signal light was made into continuation light, on the other 
hand, the control light 121,122 and 123 was respectively irradiated as a square wave chopped-light line of a 
duty ratio 1:1 by 1kHz of frequency numbers, and the time amount of the signal luminous-intensity 
amplitude by which the optical-path change was carried out was compared. Consequently, even if 10,000 
hours passed continuously respectively, the signal luminous-intensity amplitude was not decreased. 
[0169] 

Although the experiment to which the polarizing element of one sheet is inserted in signal light and control 
light, and various polarization angles are changed was conducted in order to verify the polarization 
dependency of the optical controlling expression optical-path change mold lightwave signal transmission 
equipment of this example 1, the polarization dependency was not accepted at all. 
[0170] 

In order to investigate the cross talk property of the outgoing radiation rectilinear-propagation light of the 
optical controlling expression optical-path change mold lightwave signal transmission equipment of this 
example 1 , and optical-path change light, Putting out lights, and lighting and lighting of only the control 
light light source 22 of only the control light light source 21 all control light — And the place which 
measured the outgoing radiation light reinforcement from optical fibers 101, 11, 12, and 13 about each case 
of lighting of only the control light light source 23, The leakage- at-bulb light (cross talk) reinforcement to 
the target outgoing radiation light reinforcement was as feeble as 2000 thru/or 8000:1 (-33 thru/or 39dB). 
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[0171] 
[Example 2] 

Drawing 20 showing an example of the optical intensity distribution in a signal light beam cross section is 
the optical intensity distribution of the signal light beam cross section when corresponding in optical 
arrangement as shown in drawing 8 (b) and drawing 10 (b), setting it as the location 6 (outgoing radiation 
side of light) near the light-receiving lens 41 of the heat lens formation component 1 which shows a focus 
(condensing point) to drawing 7 (b), and irradiating control light. In this case, the optical reinforcement for a 
core is stronger than the optical reinforcement for a core when not irradiating control light ( drawing 18 ). In 
this case, the optical reinforcement of the core of a signal light beam cross section reaches also several times 
at the time of a control **** exposure, although it is dependent on the physical relationship of control light 
reinforcement and the heat lens formation component 1 , and a focus 6. 
[0172] 

Therefore, if the mirror 61 with a hole is installed in this case, most signal light beams will pass through the 
hole 161 of a mirror with a hole. Here, if magnitude of the hole 161 of the mirror 61 (62 and 63) with a hole 
is optimized (diameter of 2mm when it is this example 2), signal light reflected by the mirror 61 with a hole 
can be made into zero as a matter of fact. However, even if it optimizes the magnitude of the hole 161 of the 
mirror 61 with a hole, when not irradiating control light ( drawing 9 (a), drawing 8 ), it cannot be prevented 
the amount of [ of signal light as shown in drawing 10 (a) ] core's passing through a hole 161 as a leakage 
signal light 118. That is, in the optical controlling expression optical -path change mold lightwave signal 
transmission equipment of this example 2, when the optical intensity distribution of a signal light beam 
cross section are close to Gaussian distribution thru/or Gaussian distribution, a certain amount of leakage 
signal light 1 1 8 (cross talk) surely occurs to the signal light 21 1 in drawing 10 (a). 
[0173] 

However, such a leakage signal light can be made into zero as a matter of fact by changing the optical 
intensity distribution of the signal light beam cross section which carries out incidence to a heat lens 
formation component. That is, as shown in drawing 1 and drawing 2 b, after operating orthopedically the 
signal light 110 which carried out outgoing radiation using a collimate lens 30 from an optical fiber 100, it 
can perform easily making the optical intensity distribution of a signal light beam cross section distribution 
of the shape of a ring which is equivalent to drawing 19 by the beam cross-section ring-ized lens group 321 
which consists of a cone prism mold lens etc. If it returns to a parallel ray with the light-receiving lens 41 
after converging the signal light 1 1 0 of such cross-section light intensity distribution so that it may pass 
through the focal location 6 ( drawing 10 (a)) with a condenser lens 3 1 , and making the heat lens formation 
component 1 penetrate The optical intensity distribution of the light beam cross section are strong in a 
circumference part so that it may be equivalent to drawing 19 , and since the amount of core becomes "the 
shape of a ring of zero" as a matter of fact, when the mirror 61 with a hole is installed, they can lose the 
leakage at bulb of the signal light which passes through the hole 161 as a matter of fact. Even if the optical 
intensity distribution of a signal light beam cross section are rings "-like" in this way, when it irradiates 
control light like drawing 9 (b) and the heat lens 60 is made to form transitionally, the optical intensity 
distribution of a signal light beam cross section pass through the hole 161 of the mirror 61 with a hole as a 
convergence rectilinear-propagation signal light 1 19 of the shape of a sharp beam. 
[0174] 

By adjusting in optical arrangement which is illustrated to drawing 10 , so that the focus of control light and 
signal light may become the location 6 near the outgoing radiation side of a heat lens formation component, 
and making the optical intensity distribution of a signal light beam cross section into the shape of a ring 
further signal light can be made to go straight on at the time of changing an optical path from the travelling 
direction since signal Mitsumoto 90 degrees, and carrying out outgoing radiation of the signal light, and a 
control light exposure at the time of a control **** exposure 
[0175] 

The optical controlling expression optical-path change mold lightwave signal transmission equipment of this 
example 2 The optical-path change devices 91, 92, and 93 in an example 1 (drawing 1) are altogether 
transposed to the optical-path change device 191 which is illustrated by drawing 2 b. The focus (condensing 
point) of signal light and control light is set as the location 6 (outgoing radiation side of light) near the light- 
receiving lens 41 of the heat lens formation component 1, and are smaller than the case of an example 1 and 
let the hole 161 of the mirror 61 with a hole be the diameter of 2mm. In this case, in order to set the focus 
(condensing point) of signal light and control light as the location 6 (outgoing radiation side of light) near 
the light-receiving lens 41 of the heat lens formation component 1, as for the permeability of the control 
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light in the light absorption layer membrane of a heat lens formation component, it is desirable that they are 
1 thru/or 5%. When the beam cross-section light intensity distribution of the signal light 110 which carries 
out incidence to the optical-path change device 191 are similar to Gaussian distribution thru/or Gaussian 
distribution and are not rings-like, it is desirable to make the optical intensity distribution of a signal light 
beam cross section into the shape of a ring by the beam cross-section ring-ized lens group 321 which 
consists of a cone prism mold lens etc. Moreover, since the convergence rectilinear-propagation signal light 
119 which carries out outgoing radiation of the heat lens 60 formed of the light absorption of control light 
has the small beam diameter when signal light and control light are irradiated by coincidence, when 
condensing in the latter part, a beam waist will become larger as mentioned above. In order to avoid this, it 
is desirable to carry out outgoing radiation of the convergence rectilinear-propagation signal light 119 with 
the beam expander 33 1 as a signal light 111 made to expand to the radius of 5mm equivalent to the 
incidence signal light 1 1 0. 
[0176] 

The combination of lighting of the control light 121,122,123 of the optical controlling expression optical- 
path change mold lightwave signal transmission equipment of this example 2 and the relation of an optical- 
path change are as follows. When the control light 121 is switched off at least, it is reflected by the reflector 
of the mirror 61 with a hole, and outgoing radiation of the signal light 1 10 is carried out as an optical-path 
change signal light 21 1, it is condensed with a condenser lens 71 and incidence of it is carried out to an 
optical fiber 1 1 . When the control light 121 is turned on, after the signal light 1 10 passes through the hole 
161 of the mirror 61 with a hole as a convergence rectilinear-propagation signal light 1 19, with the beam 
expander 331, it is expanded to the same beam diameter as the incidence signal light 110, and carries out 
incidence to the optical-path change device 192 ( drawing 4 ) of the 2nd step. When the control light 121 
lights up and the control light 122 is switched off, outgoing radiation of the signal light 1 1 1 is carried out as 
an optical-path change light 212, and it carries out incidence to an optical fiber 12. When signal light goes 
straight on when the control light 121 and 122 is on to coincidence, incidence is carried out to the optical- 
path change device 193 ( drawing 4 ) of the 3rd step as a signal light 1 12, and the control light 121 and 122 
lights up to coincidence and the control light 123 has gone out, incidence is carried out to an optical fiber 13 
as an optical -path change light 213. When the control light 121,122,123 is altogether on, finally outgoing 
radiation of the signal light 1 10 is carried out as a rectilinear-propagation signal light 1 13, it is condensed 
with a condenser lens 401 and incidence of it is carried out to an optical fiber 101. 
[0177] 

In order to measure the optical speed of response of the optical controlling expression optical-path change 
mold lightwave signal transmission equipment of this example 2, signal light was made into continuation 
light, on the other hand, the control light 121 was irradiated as a square wave chopped-light line of a duty 
ratio 1 :1 by the frequency of several Hz to 100kHz, and the size of the signal luminous-intensity amplitude 
by which the optical-path change was carried out was compared. Consequently, when the amplitude on the 
strength did not change to 2kHz but a frequency was further raised on the basis of the signal luminous- 
intensity amplitude at the time of 1Hz, the amplitude on the strength was decreased gradually and reduced 
by half at the time of 10kHz. That is, it was checked in 500 microseconds that a perfect optical-path change 
is possible. This is the high-speed response of more than twice compared with the optical switch using the 
thermooptic effect which used the electric heater. Even if similarly intermittent in the control light 122 and 
123, the speed of response equivalent to the case where it is intermittent in 121 was observed. 
[0178] 

In order to measure the endurance of the optical controlling expression optical-path change mold lightwave 
signal transmission equipment of this example 2, signal light was made into continuation light, on the other 
hand, the control light 121,122,123 was respectively irradiated as a square wave chopped-light line of a duty 
ratio 1 : 1 on the frequency of 1kHz, and the time amount of the signal luminous-intensity amplitude by 
which the optical-path change was carried out was compared. Consequently, even if 10,000 hours passed 
continuously respectively, the signal luminous-intensity amplitude was not decreased. 
[0179] 

In order to investigate the cross talk property of the outgoing radiation rectilinear-propagation light of the 
optical controlling expression optical-path change mold lightwave signal transmission equipment of this 
example 2, and optical-path change light, Putting out lights, and lighting and lighting of only the control 
light 121 and 122 of only the control light 121 all control light - and the control light 121,122,123 - about 
each case of lighting altogether When the outgoing radiation light reinforcement from optical fibers 101, 11, 
12, and 13 was measured, the leakage-at-bulb light (cross talk) reinforcement to the outgoing radiation light 
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reinforcement made into the purpose was as feeble as 1000 thru/or 2000:1 (-30 thru/or 33dB). 

[0180] 

[Example 3] 

The include angle of the optical-path change to the optical axis of the signal light 110 can be changed about 
freely in 5 times to 1 75 degrees by changing the installation include angle (it being 45 degrees to the optical 
axis of the signal light 1 10) of the mirror 61 with a hole in an example 1 , and calculating and determining 
the configuration (the die length of the major axis to a minor axis) of the ellipse-like hole 161 using a 
trigonometric function based on an installation include angle. The installation include angle of the mirrors 
62 and 63 with a hole after the 2nd step can be changed similarly. 
[0181] 

Moreover, the installation location of the mirror 61 with a hole can be rotated by the ability setting a 
revolving shaft as the optical axis of the signal light 110, and the direction of the optical-path change to the 
optical axis of the signal light 1 10 can be freely changed in 0 to 360 degrees also by moving the location of 
condenser lens 71 grade. The installation location of the mirrors 62 and 63 with a hole after the 2nd step can 
also be changed similarly. 
[0182] 
[Example 4] 

The outline configuration of the optical controlling expression optical -path change mold lightwave signal 
transmission equipment of an example 4 is shown in drawing 5 . In drawing 5 , the signal light light source 
20, the control light light sources 21, 22, and 23, dichroic mirrors 51, 52, and 53, the condenser lens 10, the 
optical fiber 100, and the collimate lens 30 are the same as that of the case of an example 1. 
[0183] 

The optical controlling expression optical-path change mold lightwave signal transmission equipment of 
drawing 5 Three optical-path change devices are further added and connected with one optical-path change 
device 92 of the 2nd step of an example 1 with a space joint mold in the latter part of the optical-path change 
device 91 of the 1st step. According to a total of seven optical-path change devices Moreover, the optical- 
path change of the outgoing radiation point of the signal light 120 is carried out with the combination of 
coincidence lighting of three kinds of control light in the eight directions of optical fibers 101, 102, 103, 
104, 13, 14, 15, and 16. That is, generally it becomes possible theoretically by connecting one optical-path 
change device in which 2 lengthens [ the optical-path change of the direction of n-th power of 2 ] n the n-th 
power with the combination of the lighting situation of n kinds of control light as two or more integers. A 
practical combination number of stages is decided by combination of the permeability of the signal light per 
one step of optical-path change device in fact. When the attenuation factor of the " change signal light" to 
which the optical path was changed 85% (it considers as signal strength and 0.7dB is decreased) in the 
permeability of the "rectilinear-propagation signal light" from which an optical path does not change by the 
optical-path change device is assumed to be 80% (this 1 .OdB attenuation), comprehensive permeability 
when all three steps of comprehensive permeability at the time of going straight on altogether be changed 
61.4% (this 2.1dB attenuation) is 51.2% (this 2.9dB attenuation). The combination of coincidence lighting 
of three kinds of control light 121,122,123 and the signal light outgoing radiation point are collectively 
shown in Table 2. 
[0184] 
[Table 2] 
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[0185] 

The coloring matter solution restoration type heat lens formation component filled up with the solution of 
the coloring matter [1] which absorbs the signal light 121 with a wavelength of 532nm like the case of an 
example 1 as a heat lens formation component of the optical-path change device 91 of the 1st step was used. 
It was presupposed that a wavelength permeability property is also the same as that of the case of an 
example 1. 
[0186] 

The coloring matter solution restoration type heat lens formation component filled up with the solution of 
the coloring matter [2] with which the signal light 122 with a wavelength of 670nm is absorbed like the case 
of an example 1 as a heat lens formation component of the optical -path change devices 92 (it combines with 
the rectilinear-propagation light 1 1 1 from the optical-path change device 91 spatially) and 95 (it combines 
with the change light 211 from the optical -path change device 91 spatially) of the 2nd step in any case was 
used. A wavelength permeability property is explained later. 
[0187] 

The optical -path change device 93 (it combines with the rectilinear-propagation light 112 from the optical- 
path change device 92 spatially) of the 3rd step, 94 (said — the change light 212 from 92 - spatial ~ 
association), and 96 (said — the change light 215 from 95 — spatial ~ association) — The coloring matter 
solution restoration type heat lens formation component filled up with the solution of the coloring matter [3] 
with which the signal light 123 with a wavelength of 800nm is absorbed like the case of an example 1 as a 
heat lens formation component of 97 (it combines with the rectilinear-propagation light 115 from the 
optical-path change device 95 spatially) in any case was used. A wavelength permeability property is 
explained later. 
[0188] 

In the optical-path change devices 92, 93, and 97 of the latter part combined with the rectilinear-propagation 
light from the optical-path change device of the preceding paragraph here The location which is equivalent 
to the location 5 of drawing 7 (a) and drawing 9 in signal light and control light like the case of the optical- 
path change device in an example 1 with a condenser lens 31 etc., That is, it adjusted so that a focus might 
be connected in the location near the plane of incidence of the light absorption layer membrane of a heat 
lens element, and magnitude of the holes 161, such as the mirror 61 with a hole, etc. was also further made 
the same as that of the case of an example 1 . It is efficient and doing in this way enables the rectilinear- 
propagation light from the optical-path change device of the preceding paragraph to go straight on or change 
by the latter optical-path change device. In the optical-path change devices 92, 93, and 97, 0.0 thru/or 0.2%, 
the permeability of each control light adjusted so that the permeability of signal light 850mn might become 
85 thru/or 99%. 
[0189] 

In the optical-path change devices 94, 95, and 96 of the latter part combined with the optical-path change 
light (light of a ring-like cross section) from the optical-path change device of the preceding paragraph on 
the other hand The location which is equivalent to the location 6 of drawing 7 (b) and drawing 10 in signal 
light and control light like the case of the optical -path change device 191 in an example 2 with a condenser 
lens 31 etc., That is, it adjusted so that a focus might be connected in the location near the outgoing radiation 
side of the light absorption layer membrane of a heat lens element, and magnitude of the holes 161, such as 
the mirror 61 with a hole, etc. was also further made the same as that of the case of an example 2. However, 
in order that space association might be carried out respectively and the signal light 212,21 1,215 of the 
shape of a ring to which the optical path was changed might carry out incidence to the optical-path change 
devices 94, 95, and 96 from the optical-path change device of the preceding paragraph with the shape of a 
ring, the beam cross-section ring-ized lens group 321 (drawing 2 b) in the optical-path change device 191 
did not prepare. On the other hand, the beam expander 331 (drawing 2 b) for expanding the beam diameter 
of the convergence rectilinear-propagation signal light 119 was formed in each of the optical -path change 
devices 94, 95, and 96. 
[0190] 

It is efficient and doing in this way enables the optical-path change light of the ring-like cross section from 
the optical-path change device of the preceding paragraph to go straight on or change by the latter optical- 
path change device. In the optical-path change devices 94, 95, and 96, 1 .0 thru/or 5.0%, the permeability of 
each control light adjusted so that the permeability of 850nm of signal light might become 85 thru/or 99%. 
[0191] 
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About the rectilinear-propagation light 1 13,1 14,1 16,1 17 which carries out outgoing radiation from the 
optical-path change device of the 3rd step (the last stage), respectively, it is condensed with a condenser lens 
401,402,403,404 and incidence is carried out to the outgoing radiation signal light optical fiber 
101,102,103,104. About the optical-path change light 213,214,216,217 which similarly carries out outgoing 
radiation, respectively, it is condensed with condenser lenses 73, 74, 75, and 76, and incidence is carried out 
to the outgoing radiation signal light optical fibers 13, 14, 15, and 16. The specification of these optical 
fibers is the same as that of the case of an example 1. 
[0192] 

In the optical controlling expression optical-path change mold lightwave signal transmission equipment of 
this example 4, when the optical speed of response of the 1st thru/or the 3rd step of optical-path change 
device was measured like the case of an example 1 , the same result was obtained. 
[0193] 

When the endurance of the optical controlling expression optical-path change mold lightwave signal 
transmission equipment of this example 4 was measured like the case of an example 1, even if each optical- 
path change device passed continuously respectively for 10,000 hours, the signal luminous-intensity 
amplitude was not able to be decreased but was able to check high endurance. 
[0194] 

Although the experiment to which the polarizing element of one sheet is inserted in signal light and control 
light, and various polarization angles are changed was conducted in order to verify the polarization 
dependency of the optical controlling expression optical-path change mold lightwave signal transmission 
equipment of this example 4, the polarization dependency was not accepted at all. 
[0195] 

In order to investigate the cross talk property between eight outgoing radiation signal light of the optical 
controlling expression optical-path change mold lightwave signal transmission equipment of this example 4, 
The place which measured the outgoing radiation light reinforcement from optical fibers 13, 14, 15, and 
16,101,102,103,104 about each case of eight kinds of combination of the control light-spot LGT shown in 
Table 2, The leakage-at-bulb light (cross talk) reinforcement to the target outgoing radiation light 
reinforcement was as feeble as 1000 thru/or 8000: 1 (-30 thru/or 39dB). 
[0196] 
[Example 5] 

The outline configuration of the optical controlling expression optical-path change mold lightwave signal 
transmission equipment of an example 5 is shown in drawing 6 . This example 5 transposes the space joint 
mold optical -path change devices 91, 92, 93, 94, 95, 96, and 97 (it is equivalent to drawing 2 a or drawing 2 
b) in the optical controlling expression optical-path change mold lightwave signal transmission equipment 
of an example 4 to the optical-fiber joint mold optical-path change devices 910, 920, 930, and 
940,950,960,970 (altogether equivalent to drawing 3 ). In all said optical-fiber joint mold optical -path 
change devices, it adjusted so that a focus might be connected like the case of the optical-path change device 
in an example 1 in the location which is equivalent to the location 5 of drawing 7 (a) and drawing 9 in signal 
light and control light, i.e., the location near the plane of incidence of the light absorption layer membrane of 
a heat lens element, with a condenser lens 31 etc., and magnitude of the holes 161, such as the mirror 61 
with a hole, etc. was also further made the same as that of the case of an example 1 . Moreover, in said all 
optical-fiber joint mold optical-path change devices, the configuration, ingredient, and permeability property 
of a heat lens formation component presupposed that it is the same as that of the case of an example 1 . The 
die length of the optical fiber which connects each optical-fiber joint mold optical -path change device was 
set to 10 thru/or 100m supposing the application in general domestic, a hospital, and office etc. 
[0197] 

In order to compensate the loss of the control light based on optical-fiber association, in the optical-path 
change device of a whole page, it adjusted by heightening the output of the control light light sources 21, 22, 
and 23 so that the power of the control light which carries out incidence to a heat lens formation component 
might be set to 2 thru/or 5mW. Moreover, the output of the signal light light source was also adjusted so that 
eight outgoing radiation signal light might become sufficient power respectively. 
[0198] 

Incidence of the signal light by which was made to carry out incidence of the rectilinear-propagation 
outgoing radiation signal light of the optical-path change devices 930, 940, 960, and 970 of the 3rd step to 
electric eyes 1013, 1014, 1016, and 1017 respectively via an optical fiber and a collimate lens, and the 
optical-path change was carried out was respectively carried out to electric eyes 2013, 2014, 2016, and 2017 

http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgiejje 7/20/2006 



JP,2005-234356,A [DETAILED DESCRIPTION] 



Page 35 of 37 



via the optical fiber and the collimate lens. 
[0199] 

The combination of coincidence lighting of three kinds of control light 121,122,123 and the correspondence 
relation of a signal light outgoing radiation point electric eye to this example 5 are collectively shown in 
Table 3. 
[0200] 
[Table 3] 
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[0201] 

It measured like [ cross talk / the optical speed of response of the optical controlling expression optical-path 
change mold lightwave signal transmission equipment of this example 5, endurance, a polarization 
dependency, and ] the case of an example 4, and the result more than an EQC thru/or an EQC was obtained. 
[Availability on industry] 
[0202] 

Optical controlling expression optical-path change mold lightwave signal transmission equipment aiid the 
lightwave signal optical-path change approach are suitably used at the office of a company, works, a 
hospital, ordinary homes, etc. in the system which distributes mass digital information, such as highly 
minute image data and a highly minute video data, to a high speed to one specific place of a server to two or 
more clients. 

[Brief Description of the Drawings] 
[0203] 

[Drawing 1 a] It is the outline block diagram of the optical controlling expression optical-path change mold 
lightwave signal transmission equipment written without omitting the optical-path change device of an 
example 1. 

[Drawing 1 b] It is the outline block diagram of the optical controlling expression optical-path change mold 
lightwave signal transmission equipment which symbolized and carried out the simple notation of the 
optical-path change device of an example 1 . 

[Drawing 2 a] It is drawing having shown symbolizing and carrying out the simple notation of the outline 
block diagram of the optical-path change device of a space joint mold. 

[Drawing 2 b] It is drawing having shown symbolizing and carrying out the simple notation of the outline 
block diagram of the optical-path change device of a space joint mold. 

[Drawing 3] It is drawing having shown symbolizing and carrying out the simple notation of the outline 
block diagram of the optical -path change device of an optical-fiber joint mold. 
[Drawing 4] It is drawing which symbolized and indicated the outline block diagram of the optical 
controlling expression optical-path change mold lightwave signal transmission equipment of an example 2 
by simple. 

[Drawing 5] It is drawing which symbolized and indicated the outline block diagram of the optical 
controlling expression optical-path change mold lightwave signal transmission equipment of an example 4 
by simple. 

[Drawing 6] It is drawing which symbolized and indicated the outline block diagram of the optical 
controlling expression optical-path change mold lightwave signal transmission equipment of an example 5 
by simple. 
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[Drawing 7] It is drawing having shown how depending on which light in case a heat lens is not formed 
progresses. 

[Drawing 8] When the location of a beam waist is adjusted to (b) a (a) or outgoing radiation close- attendants 
side the beam incidence close-attendants side of a light absorption layer membrane, it is drawing having 
shown how depending on which light when a heat lens is formed progresses. 

[Drawing 9] It is the mimetic diagram having shown the principle of the optical-path change at the time of 
adjusting the location of a beam waist to the beam incidence close-attendants side of a light absorption layer 
membrane. 

[Drawing 10] It is the mimetic diagram having shown the principle of the optical-path change at the time of 
adjusting the location of a beam waist to the beam outgoing radiation close-attendants side of a light 
absorption layer membrane. 

[Drawing 1 1 ] It is the sectional view which illustrated the example of a configuration of a heat lens 
formation component. 

[Drawing 12] It is the sectional view which illustrated the example of a configuration of a heat lens 
formation component. 

[Drawing 13] It is drawing showing the relation of the slit and light beam which were used for optical 
intensity-distribution measurement of a signal light beam cross section. 

[Drawing 14] It is a mimetic diagram showing a situation [ / near the focus of the Gaussian beam which it 
converged with the condenser lens etc. ]. 

[Drawing 1 5] It is drawing showing the wave of the control light observed with the oscilloscope, and signal 
light. 

[Drawing 16] It is drawing showing the wave of the control light observed with the oscilloscope, and signal 
light. 

[Drawing 17] It is drawing showing the relation of signal luminous intensity (amplitude) by which the 
optical-path change was carried out with the frequency which is intermittent in control light. 
[Drawing 18] It is drawing showing the optical intensity distribution of the beam cross section of signal 
light. 

[Drawing 19] It is drawing showing the optical intensity distribution of the beam cross section of signal 
light. 

[Drawing 20] It is drawing showing the optical intensity distribution of the beam cross section of signal 
light. 

[Drawing 21] It is the mimetic diagram which illustrated the coloring matter solution restoration type heat 
lens formation component. 

[Drawing 22] It is drawing which expressed respectively the permeability spectrum of the solution of 
coloring matter [1], [2], and [3] with a continuous line, the chain line, and an alternate long and short dash 
line. 

[Description of Notations] 
[0204] 

1,2,3 5 A heat lens formation component, 6 Beam waist (******) ? io The condenser lens for carrying out 
incidence of signal light and the control light to an optical fiber, 11, 12, 13, 14, 15, 16 The optical fiber of 
outgoing radiation signal light, 20 The signal light light source, 21, 22, 23 The control light light source, 30 
Collimate lens, 31, 32, 33 A condenser lens, 41, 42, 43 Light-receiving lens, 50 An incidence side heat lens, 
51, 52, 53 Dichroic mirror, 60 An outgoing radiation side heat lens, 61, 62, 63 A mirror with a hole, 71, 72, 
73, 74, 75, 76 The condenser lens for ring-like outgoing radiation signal light, 81, 82, 83 A wavelength 
selection transparency filter, 91, 92, 93, 94, 95, 96, 97 Space joint mold optical-path change device, 100 The 
optical fiber for signal light and control optical transmission, 101,102,103,104 The optical fiber of outgoing 
radiation signal light, 110 The collimated incidence signal light and incidence control light, 111, 112, 113, 
1 14,1 15,1 16,1 17 Rectilinear-propagation signal light, 118 Leakage signal light, 119 Convergence 
rectilinear-propagation signal light, 120 Signal light, 121,122,123 Control light, 161 The hole of a mirror 
with a hole, 191 Space joint mold optical-path change device, 200 The outgoing radiation signal light of the 
usual aperture include angle, 201 Outgoing radiation signal light which spreads in the shape of a ring, 211, 
212, 213, 214,215,216,217 Outgoing radiation signal light after an optical-path change, 300 A wave front, 
301 A focus (condensing point), 310 The condenser lens of rectilinear-propagation outgoing radiation signal 
light, 31 1 A collimate lens, 321 Beam cross-section ring-ized lens group, 331 A beam expander, 
401,402,403,404 The condenser lens of rectilinear-propagation outgoing radiation signal light, A 500 heat 
lens formation component, 501 A heat transfer layer membrane, 502 Heat transfer layer membrane, 503 The 
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light absorption film, 504 The light absorption film, 505 Heat lens formative layer, 506 A light transmission 
layer, 507 A gradient index lens, 508 Signal light, 509 Control light, 600 A heat lens formation component, 
601 Heat transfer layer membrane, 602 A heat transfer layer membrane, 603 The light absorption film, 604 
The light absorption film, 605 Heat lens formative layer, 608 Signal light, 609 Control light, 610 A 
condenser lens, 700 Optical intensity-distribution measuring instrument, 701 A light sensing portion, 702 
The first slit, 703 The second slit, 710 A point, 71 1 A collimate lens, 720 A point, 800 Coloring matter 
solution restoration type heat lens formation component, 801,802 Incidence and outgoing radiation side 
glass, 803,804 Side windshield, 805 Base glass, 806 Introductory tubing, 807 An inlet, 808 Coloring matter 
solution restoration section, A 809 optical eel, 910, 920, 930, 940,950,960,970 An optical-path change 
device including optical-fiber coupled systems, 1001 A heat transfer layer membrane, 1002 A light 
absorption layer membrane, 1003 Heat transfer layer membrane, 1013, 1014, 1016, 1017 An electric eye, 
1110, 1120, 1130, 1140, 1150, 1160, 1170 Collimated optical-fiber outgoing radiation light, The wave of 
1210 control light, 1220 The wave of signal light, 2013, 2014, 2016, 2017 An electric eye, 21 10, 2120, 
2130, 2140, 2150, 2160, 2170 Collimated optical-fiber Hikaru Idei. 



[Translation done.] 
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[Drawing 1 b] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 



7/20/2006 



JP,2005-234356,A [DRAWINGS] 




II 





| 


Jt r 






< 










o 



[Drawing 2 b] 
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[Drawin g 5] 
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[Drawing 6] 
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im&m i ] 
t . 

tulBftg&i&MBt*-^. itufiEftM»Si#itufE$# fe<D 1 « S <D jS fi © ffij ® ft * UX L fc 
^fcKbvX^ffl^Scttiot, BtSftS© i«JH©«S©ffl»Jfc©JH»©*f«ffc:*& 

^-&raj»-r^ 2 o«±©?i& u^XMig^p £ , 
cbijrjs 2 ] 

1 mmyL±e>&&<Dmm£*mM r z mmtitm t , 20 

ME«^fttt3Sifl L, ttEWflP)EO»£o 1 iSBO»fiO*.***IjR95C»iRt« 2 

s 

tin x. , 

tuiai^ u>x&&m? it. uoEtt«iR*Bi*a-*, MEft®iRMJgi#BuEif s© 1 mm 

suE#£© 1 M©M©IW»tttf J!BI#«nTll&E*»iK*W©A*fiB 
T&mizmi'i' X « S n«»-&ttMEiRJliS nfcMft#ffl»©BI*fc]t«fc t) k*ir^ 

n*ft«-etbw*n, WEW£©i!i»©««©*!i»ft©sB»©#fcfc*&CTaji#«+i3 
Huia^^w-r meres© i aaoiSfioftisp^^jsawsn-nKiuvx^fgis* 

* , $ fc tt , *ftU>Xfc:£oTMEIJII#ftfi*gMS*;fe<I*Jte©^f*ftfr*. 3 £ 
S ft * Su E # S © 1 lSOSSO$Ji^*'Slt?nTiuI2)tl8iKIiOAItffiifi^K 

iuvXtffissnsi^E, a** o fe**^M*»«TWiBi»u>xjgrtiis ; ?*»6is 40 

i«D4*'6lfl»t5IOEfflf S tt , itu E § ft U > X £ £ o T fu E Hfl # ft 

CIS^^ 3 ] 

o«±©*fc»iRJlMfc, 

£ s 50 
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ffimmis^ xm&m^it. MEjtKiRJiflt*-*** tuEftMsgitf tue^s© 1 as 

»*ttMEiR*;a^fcMfttfjl*©§fl*ft*T?U»S*U tO E » 36 © 1 a IS © & fi © fSJ 
?T'$>Z> . 10 

^•r^MEiR^^nfcffi^^^Sjg^-a-s^i:. weif so 1 laoafiowwjtJifsw 

t5iEit)t%^0$$, * tt » t&EM#ft**MS«Sfcii>fc:«W-& ft.fc S)tl/ 

4 ] 

ME«*fftl±igi®L, ME*J»ft©1$£©iMfB©»fi©**«-*S»?W»i:RiK-rS2 
t , 

©ftK9J^*S« t > 

m 2 ©&u vxjgjsnt? tat 2 ©7t* saEi: ©fi**to*a» s * s 1 s&§«±©ki 2 

©ftSS3]#li|gi:, 

SlOiSl/yX^Ii^S, MEftKiRJURfcS-** WE36 5R iRJBSI^ ME<#JS© 1 ffl 
KfifSJBSf^O^flJfcl^^ftiUVXJtfflV^CfcKioT, «JE#£©1«*©» 

«owfP*^jHW«nrj»uvX3^»jatsnftv>»*ttt»EiRjiisnfc«*3fc*aiiitoH 

tftSt'fflSJjn^ M fi f# 56 © l aKOttSOMfPtttfJMtt 2 *i T tu E ft MS Si© AS* 

?h6^*6ic, si m © mi # ft r* bu e & u > xm nzm ? *» e> m 5 tu mm 9t * * © 

S-tfSTXi:, MEftHo 1 ««©»6©fflttifttfJ!tU# S nt WEJt»iR»fl!©A*faiiS«S 40 
C^UyX^ffilcSnsi^K, ^BB#ftft-esaEJ»U>X»jSiR : ?*>6 
&tft)£#e>ffit*-f3ME(t'«§ft£ J £©i:i:, Sfttt, iE8)tl/yXKioTi9Bia* 

sg 2 <om is yxm&mTiz. WEJtKiRwiit*^*, m e ft m» statue #56© 1 a 

^©Sft©$'Jffll^^©iRLfcfSlS*3<fca :; e©S2®i^tcgil5^iS±»^eHLTRlj2W 
Ct-f«IJff*o»*KI^^ft!»U>X4ffl^4ci:li:J:oT, 3i!l©ft tfmM £ tiT S3 
E^9RiRS^©ttSWffi^^fc^U^X*^fig?n5«-a-l±MEiR*?nfcm^^^iR*5 

nfc*sm»s n, me^js© 1 as©&s©fijffli^>b^if?n-r^u>x^mfig^n^ 

^«^-H:1i&EiR*Snfcffi9JtA<ai«©lia*ft*T?tBI#Sti, ti)E#56© 1 IlOiSO 50 
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oiHWB5is«fcii&u>X36i«jBia*nsiB-&K, w.n z nrc & z mmm \s > xm & & <? 
n-rmu> xtfim&z nte^mfriz^ m^<om^n&vmiimiy>xmmm^^^m 

[W*3I5] 10 
LT, ii5»JK:31ISSnTV'»Sci:*»ai:^«MI*«2KEtRO*iW»S*»«ieS!*« 
6 ] 

lt, itwtejetesn-cvJBc fc*w«t-rsai*«3fcEte©3fcw»S3tis«#a!«{g 

2 »W±OWEJttB««««l £ IS £ /)• L T IS Sfctt, 3t7 r >f ^-tt-&**^ 
LT< IMCiestiT^S C 58g*« 4 teE*©*£1WW5KttIS«J»S!ftfi 20 

3 ittiOWEJtBiBMiiC, a»IH*fl-LTM, S fc <i > ^77^^-8^*^ 

lt, a *s © i a«tetWE«©5 ! t«ii-3riftj8-r*^riRifcsw-r**iRi©2^isuc4>RL 

9 ] 

[nt$a 1 0 ] 

LT, M© 1 j»E&©ft*>I o TKil-T 5 7s ft fcSl^f S^IrI© 2 73 r^tc^KL 

, ^aKa»*nT^SCfc*««4:-rs»*5l4K:E«©3tlWfPS3tB«»S3tfi^e 

[M*a 1 1 1 

i««tt±©»«©M)fefc* WEe^«i:ttji*s2a3su±©afi©«w®jttt*, 

HmWC|B|flll^O|Bl73lRlfc51fT^-&, 

WEMJtttiSilL, MEW»ft©#£©iaS©SS©***411JKWK:®«K-rS2 40 
oJj(±©ftMJl§i© 1 o 1 ofctflE1W»ftfc*JEMftfc**4iK*£-&-rJ»BI*L, 

MEft»iKaK*^tt20JK±©f»l^v;*«d&Jl6 : ?©ffl<«rte:feV'>T, MEft®«R»fl!tf 

WE^€©iaa©a«©iiFj»^*KiRLfe««*j:t;*©«aiB«tejecsifia[±»K: 

ffi » « •& s * fc H: , Mtt©B8#ftS*i>T££-&THil*S-B:s 

LT, S&E»U^XJB/S* ; ?^6ajHLfc«^Jt%WE^:A^&iiiaaji*-&. *fctt, s 
[|*S12] 50 
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o«±OJt!RiRJiil© 1 o l o W EiM m % t ME ft^f JK £ * & 4 UX 31 S T HI* b , 

M E R «K * 1* * ^ tf 2 o « ± © JR !✓ > X» iff * ? ® ffl * T * « E ft 5£ « 31 

Su E # 5£ © 1 llOfiSoaffii)t5;KiKU/i:I«fe<ktff ©SiailEfiifiu 5gS±#ic 
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e *W« i: f 5 ftfl^ft£&«#73 &o 

est $tm i 3 ] 
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£© 1 a«o»soiw»^^jsi#*nTWE^KiR»«t©ffi*#S3fi«Kj»u^x*^j«* 
ns»^ttt»EiRjKsnfe«^j6«<iRjKsnfcssmEJ»u>'Xjg<sji5 : ?^6as**n, 

n fc a ^ ft &wn © m # n & x* me* u y x m &m ? e> m <* n, wswso nso 
MS©iw»ft©JBi#©WfcK:ECTffi»sn*iOEra*ft©iN^ft«*SHS*> 

^jBiasn**^**. iRjRsnfcsst&EJftix^xjBriEiR^j^etHwrsmEiRjK^nfe 

{I ^ ft * , Ja:#S9 — ©ftfciIiiS-£fi3t*-£, 

ii^©P ff 1#ftST'H5E^U>X^^^^*>e,tHI#-r§HuE«^^©7teK*^0$^> Sfc 40 
tt, §^U>X(cioTWElt^S^gIS^/cI^^O^f ti*^, S»S3^it57- 
©KWB*JB^TEI**#Scfcfc£oTftl&*M;3^Scfc*#«fc?-Sftra*ftB& 

C»*S 1 4 ] 

*»©i£*©ft©l*3, lfcIv^S03t§i§)ti:L, «#3t«tt)fc«^2oJW±©a 
S©ft£8nJSJ)ft t IWE«B«#««|tt'©r»l/>X«iajR ; ?tf!RiR-r*JftS^«tife^ . 
ft»«»««*aiijafcL, g 2 & £( fto at EttBtt* 8*10*1' vXffiKif A^iRt 

*=&*©&§#§ < %zmic'&m<Dyt®®mmm*m&? s c t^mm. tr zm&m 2 k 

E*©ft^MftMffSft{I^£jMg« = 

[ m * ii 1 5 3 50 
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e k © it m m a 3t ss ^ « s x m # e s « . 

CH*5| l 6 ] 

«»©»S©3fc©rt, *€,S^i£ft©*t*MftfcL, fif ftiDt»^2"3W±0» 

*».^©»«^*< a «ibk ate -r.s c a*»«i:r*Hi*« 4 1 10 

[?gf}l§©l¥ilffl&IBHj§] 
[0 0 0 1 ] 

[fffltSfff] 

[ 0 0 0 2 ] 

^>^-*7 hfeitf^ttrt -firt^yh7*7 h DISK £ t, a 5 * -y h7-^ h 20 
[ 0 0 0 3 ] 

$I3»IJS«X^ >y fi, 73 [Rl14^^S^?iJffl-r § t> ©, ft^UgggT'ftft^© n kT- 30 
*ftK>, f— hif K £ 0 v • * 7 f 5 t» ©, Si * fcfi Y # K © £ M # * & 

&,<Dmm&*m<tz & z c i: f, »&&*eaSLT#fc7£*Sjg£^fcDKW£-£;rc Di- 
sk©^ tf«fg£*i-t^5#. I «»f ^ i ^IPg f § . ? 7 a 7 i y - TittDt 

* 5: JS ^ 3 fe © # * ffl ft tc ifi -3 T i/> S £ ^ t> ti X ^ 3 x iS^aitf 1 5 'J#iSi:I 
V> f£ If t? a < „ 7t X -1- -y ^ * W] ft 2 3 fc a6 « fa ft ^ £ ffl ^ a It n tf 4 6 ft W 

[ 0 0 0 4 ] 

7 l J-X^-XlfX-i'7flcli 1 v -Y <7 n -ib^hn • * ±> — Jj )l> • ~> X x A (Mi 
cro Electro Mechanical System ,'MEMS <£ B& E 2f tX 5 ) , Sfr @ ^ 85 IR • 51X^7 40 

(Exciton Absorption Reflection Switch; E A R S X'f 7 f t Kg? tl5) , ^ 
gtr-Av'^^^TtX-T-y^, * n v A S ft X ^ -y mghX J v ZtftfiMZ tlT 

H ffl © P§ lc $> % £ it ^ & v o 

[ 0 0 0 5 ] 

-73, Km ic it * m m -r s c t -e §i # m c s n s m & m ft is »t *k ft * « s l 

, its, ft T- ft © & S ^ M & ifc M fl "T S . £ft^ft^fS?^ftfrJ®73 3© 
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ft (6 3 3 nm) lc,fc?)I§^ (7 8 0 nm) <Dg.m % ft o ft . fflffllt tm^ftZm 

ic «fc d m^ytwmm t tis t ^ ? i&f^^ao^^^Bi^i it* k> , mz 0 y #©A3fS 

IBffi^ft©ft&£liet-3 c t ^3ft$U®75-&# r^£*xT^-5 (#ff l fr 10 

sww&ik 7 „ ftfsgtefflfig^fr ?> a: 5 K^ic&m<om%: ssuspftfe 
M^sn-cv* 8 #m) , fit, ±s«* t ltau a fe^/«flij^-^ 

[ 0 0 0 6 ] 

I^U c©a&tf«Hte£il^nsc£fc£0»Sa-*i*«£t;, ^ © * . ft 3§ Si # © 

IfWWXltt 3 #88) o 
[0 0 0 7 ] 

SxttT-Slttfc IftfiCItf^^S^S^t^ ft % {1 fa * 5 H ^ £ 4a T 

V* (WffF&iK 9 #J!B) c LfrLfc**&, ±&©^?£te, » J» 18 Si 30 

S7*FUy^77YatS4S)BLTt, 51 H tc fcfc - £ © fig |? * W L , iH ? * ft 2f 

»f»jfi*tf*T?«j»s-£, e in 5 c t tz a & or*, js^#a<> mmmg. 

[ 0 0 0 8 ] 

ft m ffi fig ^ ^ & & § yt^m? t , Kjt**?tc < £ tf ft b ft *rb 

»t 5 fci6©33Sfi#*JJ»!ll^|£ fr €> < £ tl , <M 9P ft te £ t> fu IB ft ^ * ? * 40 

te®«f*4>**«jab, KBlff*#tffc£DI»EMWftittIlftSftS©Mft©«iR]* 

5 M £j £ 9 > ft»ttS;frfa*gifcK:£*SCfctfT»**^fc^5raH*<*So 

[ 0 0 0 9 ] 

f cf*^if ^li, fil & & # 14 © & 3ttt«ieo#lfifeJ:t;3j|Ri*SStH^Rll»l 

s < 1 1, ytwiRmmtt^tsmuy xmrnm:?* © ft m mm 

ftM/fUfrM-T SiSS^HJfr 538ti:tt3i6fi<DI&l»ft, *5£t>\ ftft IB ft « ft Jl JK R 
iRLfc^8gW*fr&8tfn5«g©«#ft***iRJjlS-&TJ'aS*L, '> * < t €> lu IB M 50 
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©fttfitueft©il2JfiMrtfc*5 t^'T j*jSi**i*J:5K:E«*BISEL» liu E ft ® © /■ K fy E 

^^©tf^KS-^^fc^i^vxsrffl^sc: tictot, fwaifttfBgtt^n-ria^vXtfffc 

Sfctt, 53teU>X»c«J:oTMBJItt©BI*ftfi*gMS-&fcSK MEMJttflltS 

m***©**. * * ^ ti , s^u^X{c«fct>Tsaiaifi;35>^o©Ba#ftS*^H^-&fc^ 
fc (#Sf:fc« i i #sg) o 

[0010] 

[ # ffF £ 1 3 » H ¥ 8 - 2 8 6 2 2 0 $B 

[f ft3ti2] «f BB ¥ 8 - 3 2 0 5 3 5 * 4* « 

[ # tf £ 3 3 If m ¥ 8 - 3 2 0 5 3 6 *f 1> IB 

[#ff #it* 4 3 |»IT 9 - 3 2 9 8 1 6 *§4>$8 

[HfFiiK5] 0 - 9 0 7 3 3 ^^S 20 

[»»*«6] HMf 1 0 - 9 0 7 3 4 ^fi*B 

7 3 1 0 - 1 4 8 8 5 2 *&|R 

[RfWAiK 8 3 1 0 - 1 4 8 8 5 3*§£-*g 

[t«*l9] H BS 6 0 - 1 4 2 2 1^^$S 

[»»XK1 0] »H¥ 1 1 - 1 9 4 3 7 3 f»* 

1 1] ^1 2 0 0 2 - 2 7 5 7 1 3 ^ 

13 ¥ii> m*&.m, **Ea^ ^seeu^, fi*#£-f* • **(*©re 
^ • «t&ffff • jews, r*^a^j^-&p^m*^j . iiiS««#i^striK«?a^^ 

^■W^m^tf^ S59I, S2f, 2 9 - 4 9 1 ( 1 9 9 4 *) 

2 3 BJRiiB££. *tttt-«P. U-f-lSib^XaStf 30 

©JtfeS'NOJSffl, r>ft^J , {t¥H ASBfr, «36t, Iff 6 4 3 2 - 4 3 8 1 (1 

9 8 1*) 

[*««Fi«3] iSl^l, JtlsE^^S^trii > I" J , B###t 

ft**»ff, 1 9 9 4 *3^, 1 7 8 - 1 8 7 1 
C 18 H£ O M m 3 

[001 13 

*S«t5Ct$IWtt5, 40 
[00123 

±©&g©<i*§ft£Mfif-f5m*§ttfti@ii:. 

M E ft *l ft & iS L , MEffiiJffllft©#5£© lM©»S©**#*a!iRttfc:!ftiR-rs 2 
tffffi^e5iReJK01oio{cMlHSiJ^^tWI2fi^^^^&^iJxmS^TMI>f-r5^IS 
ituEftB£iKSJBi*lS-^ WEitiRiRJiaiA^WEWSoiaSoSfiOWffli^SKiRbfc 50 
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Lfzmmtztmmfticm®z : e. sfctt, MissM^etc * t> g«j*s e t ic «t o -eft 

[0013] 

MfBftKiRSii© 1 o 1 otcta IB SflffliftfcltuiBfl^ft £ jr a? s ■& -r is 

fie x. , 

ituEf&b ^X^fiStiH^Ci, MEft©iJXJl)Bi£#^ su EKRiRJIlt *» luE^S© l mm 

^-r^s^f^o^^ta-^v^c^p^x^fflv^ii tfc^^T, m k w £ © 1 no$s 
^s^t, taei#j£© 1 asojssowwjt^jawsnrtittiBjtiRiR/iKoAWffiieflSfc 30 

[0014] 

*»w©te©ftfflffl5£ftK*i!J»S!ftfi^e2SS«»±* illttio»*ol«* 

mmmmti±mi& l, m e m ® ft © # s © 1 fflao»fio»*#^3BjRWte g&nx-r 3 2 

oJW±03tKiR»HI4:, 40 
i: * 

&l^yXfgfiiciS^£:ft£^?-Sgl©3ifi*#fc-efr5'S:3 2fcfitJh©ft»W8««i:, z 

sumn i> ^xm^m^n. WEftM/ist*^, HuEftMMtfMEi#5£© 1 mm 
*"fsja»f*o^fljfcS"^vfcjiau^x«fflv'»sc: ttiot, m te & © 1 no«i 
**nfcfi^)tt3yiR*«nfessffli#sn, ® ft a^i* £ n > x m * *i & ^ 

»^tt«^iRJKSnfc«^ft#»tt©IHI£ftIfcT?aj|#StU MEito 1 laosfioffl 50 
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mi- zttmi&j&z tifcm^ftttmmz & t , mews© 1 aisoisso*j«P)t*^« 
-r § mem^^^os s. sfc«, ifimmzft&z^w.-$ : & zrcsbicmv znrc&xis 

[0015] 10 

&(Dm®yttfmmi£ ti-rmis>xtt&f£2 n&^i§-&teMEiR3i£ n fc « *t * # a m <d 

^itftST-fflssn, mmftmcD 1 a^©&s©f&i®ft©Mi*©#&fc:&i;TW*j£n 
^lo^^ttsaa, M^&m<D i mm<D&m<Dffl®yttfmfH-£ti-fmis>xtfm}$, 30 
*fct±, s^b>Xftj:oTMiBig#A«^^M^-&fefi^)t(Dv^-rn*^, a i® 
icmisi'Xtf&i$.f£ txzm&ic, wn&v&*z^m%ftmT*mmmi'2/x&fii.m : ¥-fr£> 

K) Htfi 5 ffl » r £ tu E <1 ^ ft 3: * OSS x S t± , iE§7£l/VXC TtSEif 
ic4f 8ijff*O»tKl^^fcj!SUyX*l0>SCttJ:9T s M SP ft # M S-f S tx T M 40 

fB^©iRMjgioawMifi6itc^u>x*^fig$ns^-a-«Mfi2iR^$nrcm^^^iRm$ 
nfts saiifsn, ioews© 1 ■aosfiowsjtii'iaw jnr»u>x*«0«sn!8: 

m ? r* & t» , 

ww-r-sMEiRm^nfcffi^TK^iiji^-ii-s^i:, Mieitto 1 a st © & s © m ft # m 

ltt5l5EI§7iS?;f OSS, S fc « , tUB Bfl # ft * « M £ # 3 fc & K ^ £ tx fc g ft 50 
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COO 1 6 ] 
[00 17] 

[00 1 8 ] 

mmz&, tare it, m*§yt<»mzftm**imz-£r mm***, 

[00 1 9] 

*se*i{crafi&3b^iBi^ri^fcji^*-&, 

MISM}fctt»a L, WfESiJ®l)tO#^0 1 lS«aiO**§« M ft ® iR f § 2 30 

WC3t!8HR»il*^ty20W±©*lU>'XJgJ«lR : fOffl'«rfc*^Tx M IB ft M B St 
MfB#£ol«S<Digfi<DfftJ8Pft£0KiK Lfc1B**J «fctf*©« 21 flattie fie SiBlfc±#*fc: 
iEHUT^iS»WK:*-rsfflJ)f*<0»fft«:»"^v-»rcJ»Ui/X*ffl^SCfck:J:-3r, Sff E » 

n*v^«*ttWEiR*«nfc«^*^a»oi«#ftit?ii(»i3i»u>x»^iR?^&ffii#s 
n> tuiB^so i aa©»fi©»j»3ta»B8i*«tiTj»u^Xjy««*ns»-ft-a:t(»EJRjR 

«tifc«^3t^ji1iroill*ftfi«t t> t>**v»BBf?ftlfeWIBJ»L'>'XJBri8Jl8 : ?^6ffi»« 
ftg^l^Mft^ 40 

WfiB#s©iaaoi^«osij®^A' s sgi>f^n-riap^x^^fig^ti^^^^«, a ^ <o 

BB#ft«?WIB}!auvX^*SiR ; ?3!»>5ttli#-rSfiulBe*3fc**<!DS*, S/cfcU 

k> & zmmir zmmmmt***}**. & s v a . S3tu>xk:«toTMfa§B#ft[t* 

[ 0 0 2 0 ] 50 
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sfc, *¥%m<Dm(oyt{myt&®my3& it. 

ttB»toii!llo»«ol!lfP***iRLfclI«*J:tf*o«a««lc8c«a*±#lc 

buIE#J£© 1 a^0KS0M®^*^»5 tiTBuE^«RJReiSOHi»®ifi«{c^b>X 
M ft * . 7v:^57-(07t^aja^-&lta^-ar.. 

It. Glftls VXtc&vTttlSiM it ItmWtHD^-rtifr*.. tu §2 7t = v - 

[ 0 0 2 1 ] 

« © ft * ski © ft ^ l , m&ftmw&mmQtDmi'Z/x&mmTtfw.tii-r si£ga<gt,$g<^ 

[ 0 0 2 2 ] 

[SI^^IISg-r^fcfeORfiO^SI] 
[ 0 0 2 3 ] 

t A' T* t 5 o 
[ 0 0 2 4 ] 

(1) ftM»Si#3£o ft/EL, ftMSSite, Milt) rftifci&S?J m%L<Dmmm. 

a&swi. rjtKiRfli/j»u>x«ia»j t^^uss, £fc«, r # » ir at / j» u > 40 

XJBja«/ft«iR§tJ 3fil(0aiiflO^f tit-$9Tt^i\ &*5, tXT 

CO (2) A>f3 (1 0) © DtKlRHj ^±f2|SI«c75li3t^-^tytcDi:-r§o 

[ 0 0 2 5 ] 

( 2 ) ft 55 1& S jg| / *g » SI 

[ 0 0 2 6 ] 

(3) uffimm/ftv&t&mm/uffimm 

[ 0 0 2 7 ] 

( 4 ) ftg&nxjf jn/e&jijii 

[ 0 0 2 8 ] 

(5) fiill/TtKlRIi/fiigi 50 
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[ 0 0 2 9 ] 

(6) yt<&®.mm/&femm/&mmm 

[ 0 0 3 0 ] 

(7) &mm m/yt®.mmm/m}&mm 

[ 0 0 3 1 ] 

(8) fcmmm/ytw.w.mm/u&mm/emmm 

[ 0 0 3 2 ] 
[ 0 0 3 3 ] 

( i o ) &mmm/&i&mm/yt®i®.mm/&i&mm/fcmmm 10 

[ 0 0 3 4 ] 

(i i) mmmftfimuzs x/ citmmm/) ±ie en ft<^L (i o) <omu>XB 

[ 0 0 3 5 ] 

(i 2) Hff$^$suyx/ (ytmrnm/) ±e (i) c i o) <omv>xm 

[ 0 0 3 6 ] 

ft , ±IB r OtSiii/) j «: , &S&cftDTft^j<§/i*Stf.5c:£;£Si?fc-r3 e 
Mtc, & Sic ft DTftQ AWMfccfc tfffi ic S&GSitJBt (A R3-H) ftSS^TfcA 
v^ 0 20 

[ 0 0 3 7 ] 

fc, JRUVXJB/SJR^ 5 0 0 tt, f&ISPft 5 0 9 *S«ktf<I*fft 5 0 8 « * tf 

, ij)r$»*IU>X 5 0 7 / ftjgiBB 5 0 6 / £ft&«Si 5 0 1 / ft®iR»JK 5 0 3 /m 

X&l&m 5 0 5 /ftRlRJillt 5 0 4 /6111 5 0 2 ©«|t«I^nT*So ft*5, 
01 lte^riM»ft509©ftlR«:«5£«ftfc<C>-ea55. SJiltWlCfcttSJBST**!!*^ 

[ 0 0 3 8 ] 

cfcatc. & u >x&i$.m? 6 0 0 t* , mnyt 6 0 9 * «t tffi^ft 6 0 8 <oxMWfr <z> . #a 30 
a. «r * eiii6 0 1 /jtKiRjui 6 0 3 x&j£m 6 0 5 / ft jst 6 0 4/ 

e^SBi6 0 2<o/iiBfc«asnT*5o c corns, MUfeogfeitfif^eosan 

WteKtt'fclfcft 1 OCi^TDt^no^, ^W>XJg^^^6 0 0 tcAfJ-r§ 

£#B& L T V 1 § o 
[ 0 0 3 9 ] 

Sfc^fc, feiR?§7gft*i£fl& U >XJg/jSciS^ Lfc^^0^0 2 1 fC^-r„ 0 2 1 

tcmmt z * ^ &mmm?tiMj£muz/ xi&iiim? 8 o o mmmmt rem-? z 

AW-ttll=f®^'7X80 1*5«tO : 802, Iffii)7X 8 0 3 *5i(f 80 4> j£ ffi # ^ X 8 

0 5 fC B I: ft 7c ft 3* -fe ^ 8 0 9<Dfeflt}g?&ft«gl58 0 8 'N , 8 0 6 C1AP 8 0 7 40 

*» z>yt<skw.mmmmu>xm&m t vxi^m-r ^^mmm^Jtm *aps o 7 

[ 0 0 4 0 ] 

Kw.®.mm, mu>xmns.m. e^s^, ftM/i, * £z>*®#t^#*ji! u 

> x © # 8 , m # a , #*<D$ijpftiffco^T, « t k , ns^sioTiftBjiirso 

[ 0 0 4 1 ] 

ft*, * a «! -e J8 v 6 * * ft k ir « it , mu^xB&m, &umm. Bmmm, ftM® 

AK fe<ktfiSrf»^SU>XOtt8{i, * £> « #1 tc £ R £ £ fc S ft ^ SB H fc is v> T , in 
Itt*|qJ±S-&fc 0 , ft¥*?fc LT©££tt •. »a k tt*Gj±*-&fc 9 *--5 fc«K $ftnft 50 



(14) 



JP 2005-234356 A 2005.9.2 



t LT&fclO&ftErib&K KftlftRilZftL - fi m M m * x 1/ =f- * - s % ft ® ffl % if * ft * 
[ 0 0 4 2 ] 

[ 0 0 4 3 ] 

* <fc K ^ £ & 6> fcf . mz.lt, G a A s , GaAsP, GaAlAs, InP. InS 

b, I n A s , PbTe. InGaAsP, Z n S e & Z <D <k& Wa ¥ m# <D MHZ £h , §3 IE 10 

/c £ IS /mh y (0g*.tf, * ft * U -t" A , fflffc-f h U ^ 2>£ if) OJHiSJI. h5IE£S 

nnyyft* (09*. Jlffc*, *gfb&, ffifc n h if) oaie?^Yh«j7^x» 

S^fp'N^-ftLfct©, aftUOHi^S-f^yftK- ytftC d S, CdSe, CdSe 
S > CdS e TeftifOAKS'JAijin^t^KOlii, MK*K5*A*;l/=iy^ 

r-;Wl/ft if © ¥ 33 # # IS S » ffi! , ^Slii^V 1 L^?LSiiI> ~> D n YjW-VI* 
, -fel^v. ^;U^^:ifo¥#»?S!ia^^vh>J-v^X«P4"\^ftLrct©, ;Hf - , 7 
U + *yK7-fh, # — * -y h , Nd : YAG, t77^7, Ti : ^77^7. Nd : 
YLF&if. ^I^ty^K-yLftS5tfflit5#ier B (^tolfrS U/-"*f-ISfi) , 20 
£ m << * > ( 09 * tf , & * V ) ^F-^LfcX^^gMJ^A (L i Nb0 3 ) . L i 
B 3 0 5 , LiTa0 3 . KTiOP0 4 , KHjPO,, KNb0 3 . B a B 2 O 2 & if <D 8§ 
« ft H > & JR >T * > ( 09 x. , ^ti/'^A'f^y, x;l/lf^A^^->^:if) £ F - 7" L 
fc 5 # ^ X , V — *f # 9 X , *')^^8i)7X > ^<Dffi<D#-5X&if<D{f?bV 7 h 'i 7 

[ 0 0 4 4 ] 

^KfflCI^S CitfTtS. 30 
[ 0 0 4 5 ] 

T-f SfelClftMilTIi, 09 * UT , p - ^ 5 > B , n - ~ v 6 G , x * $/ v , 7 n 
^^^B^ifcD^D-V-r-V^fe*. 7{"J^ytUVy\ 7 ^ 'J V s y U 7 \* E <D 7 & V 

v-T-V^fe*. T'^^nv'Tx^^fe^^ 3> 3 - _ *Jx.?-)l> =}-7 t) 7 -Z/B — 

i? F , 3 , 3 ' - S> x fV * * -9- 5> t> )V # ~> 7 — > 3 — S> F * if £> f 7 - > fe ifi , x ;l/ 

[ 0 0 4 6 ] 
[ 0 0 4 7 ] 

(1) *^B^co 7 tfijffii^^i^^j^^^M^e3MgBfc«tt>* 7 tfi^^f^^j^73ST*ffli^p,n 

Sft©iSg§iigT?jgiS^#i«t^ci:, 

(2) 2t»:^^o^ffjffljie^^^]g^)te^g^gBt5<tt>*^ffi^ 7 t^^]§73?4r'fflv>e»n 
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C 0 0 4 8 ] 

IIIHt««v F y «y y xtin £ LT tt, 09* tf&«7M3y >ftto©*|gflk £]gg£ 
{fc«J©¥8fi, ^IA^3yt^KiD*«f B , 53S#5X, *>7Wg?;>J 

5 x & if o as , ^t>®zVfr?)i<&vftf£ztirc(&M&X7Xttn%:£'zmm-rz££tf 

T* ^ 5 o 
[ 0 0 4 9 ] 

h y -y * x*m i: lt 7k, 7j<*-5x (77i/* y >r 
, mm. tfam. mm. xyj<, y n7i/X7i/*>g?, y * vt.^* >b£, ni7**n 

yy>X 71/ * &if*<£fflf5Ci:tfT-#3o 10 

[ 0 0 5 0 ] 

V # 3 o SaSMfcLTtt, A*B5ttt, y * J - ft/ . x y y - 71/ x ^y/nlf;l/7;l' 
n — 71/ , n — 7 y y — ft/. 7S/l'7;l/3-;l', i^yo^^-tT-y — ^y^^j^n - 71/ 
* if © 7 ;v n - ;t/ a , ifi/^yja-*, ~y x ^ b > y y 3 - 71/ , y y -t y > & if © ^ 

i7*3-*«, g*&x^7l/, B*6£ n - 7^7l/, 8^617571/, Bf Ml -Y V 7 n If 71/ £ if © x 
X X 71/ S , 7 -te h > , y^7l/x^7l/yh>, y 7 W y 7" 71/ y F > , ->^U'\ + +f/'> 

6 if <D ^ F > S , i7xf-7l/X-^7l/, ^ 7 ^ 71/ X - 7 71/ , y $/xyy - 71/ , X h + ~> 

x y y - 71/ , yh^v'X^y — 71/, /?7 7l/lfF-7l/S:if<Dx — 7 71/JS, 7F^fcFny^> 

, i, 4 - * -9- > , i, 3 - * ^ v ? > , & if © 3g x — 7- >vm. y n o y y > 20 

, y n n * 71/ A , EH^fbi^ig, 1, 2-:yynnxy:x, l , l , 2-f-yynaxy:x 

, hyyi/>, 7nt*;u, -yyn^y^v. ^s-K^y, # if o^n y vftKffc 

zk IS ® , ^ V -tf > , h ;b x > , + S/ b >\ ynn-^^-tfv. o - ^'^oo^y-tiy, x h 
n/<^-ifv, 7-V-;K a-yna^y^Wv^if<05fSS6^fb7]<^^, n - > y > 
, n-^*V>. n-^y^^, -> y n^N^nt > ft if a JIB IK R R ft * IE Si * N. N - y 

^ 7i/ * 71/ a t 5 f , n , n - s> y f- 7i/ r -t h t ^ f , *\ * -9- y 7i/ * x * y <y y f y 7 5 

K42075HI, N - y 9^71/ If n y F if <DJ£ttt7 5 Fffl, 7 b ^ y ^ 71/ SiS , 1, 

3-v f y^7b-2--rsy*yyv ; y>^if©^*^#f*:?i, s>y ^ 7i/ x 7i/ * * f& if © 

X;l/* + J'Ka i J^Stx^UV, ^ftiyn tT b>^r if oj^Btxy X71/S, 7 -fe F x h y ;l/ 

, y n tf * x h y 7i/ , ^ > y x h y 7i/ 4 if © x h y n, g , tr y i/* > % yftifott 30 
*«iRsll{t£'»«, hux^7i/75>, h'jxyy — ;i/y~> N -yx^7i/7 5 y 771/3- 
;l/ x 7- l Jy4t'075yS > ? uftsffim. h y y a 71/ g$ B£ , h 'J 7;VtnSl, ft B$ & 
£(Dmmm<om. xbnyy> N -^{kl^m, x;l/*7V42oiSI*ffl^5Ci:i!l , T?* 

[ 0 0 5 1 ] 

iiS»fS8^ffifflt§ci:^t-t5. f OSftitLtti, tfyx^U^, tfv ( a - 
y 7 71/ x 7 u >■ ) , ^'j-fyry, # y ( 4 - y 7 7i/ - 1 - ^ > 7 > ) , y e x a, m y 
-y > , 4? u if x 7i/ * 7i/ v — 7V , # e x 7i/ 7 -b y - 7i/ , # y if x 71/ y 9- 9 — 71/ , # y » k 
if x 7i/ , # y e x 7P 7 7i/ n — 7i/ , y ig ft t: x 7i/ , # y % it e x u ^ > , # y if x 71/ y ^ 40 
71/ x — x 7i/ , 3}? y if x ;i/ x ^ 7i/ x - 7- ;v , 4? y if x 7i/ > ~y 7i/ x - -r 71/ , * y if x 7i/ y ^ 
7i/ y h y , * y ( n - if x >v ts 71/ ^ y - 7V ) , # y ( n - tf x ;i/ tf n y f > ) , ^ y 7 y 
y 7i/ n y ^ >v . # y 7 y y 7i/ 5t x ^ 7i/ , # y 7 y y 71/ n , tf y 7 y y a x f y 71/ , ^ y y 
y y y 7i/ n y ^ 7i/ , ^ y y y y y 71/ it x ^ 7V , tf y y y y y 71/ it y f- ?i> , 4? y y y y y 71/ 
<-< > y 7i/ , tf y y y y y ;i/ ^ y a /\ ^ -y n, N ^ y y y y y 71/ Bt , y y y y y 71/ 7 
# y y y y y n x h y 7i/ , # y 7 -t f 7 71/ 7* t f , # y y a ^ — 71/ , # y x 9 v v 

F s -K'J 7*ci tf l/Vt + i/ K, *'Jlf l/>fl/7?l/-h, ^yy^t/>xL/7 

yi/-h, ( if x 7 x y -jim + mm) , 4?y (>?x^uvy*y n- 

7l/-tfX7y7l/*-3K*^F)Si, 6. e-T-'i'P^, 1 

6 . 1 2-t^ny, >k y 7 y 5 ^ y m x 9^ 71/ , tf y y 71/ y 5 > &t x =f 71/ , *U'Jf> 50 
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, ^U/n'jy, # y (y-^>v ? ;l/-L-^;l/^^ — h) , * f - ;l/ -fe ;l/ n — x . x ;l> 

-b ;l/ n — x , '0^;l/-fe;I/a — x, t Kn*->xf ;V-tr;l/n - x , t Ka^ »>^n 

;l/ n - x , 7-tr^;l/-tr;l/a-x, -tr ;l/ a — Xh'J7tf-h, -tr ^ a — XhV75-ls—b 

*i^*yisti§, 7xy-^ii, 5£&mi, y^s^em. 4rs/u>»iB, h>i/x>»» 

, ^T^Si/ftflgftJfOlSflB, #U ( 7 * x ;U y ^ ,1, -> 57 V ) 4 lfOti*'J ->5>, W 
[ 0 0 5 2 ] 

cn&<DvhU-y^X^^4''\fe^^?g8¥^fca^i5c$-&S(Cl±^»](D73ji%fflV^5(l 
^^^^^-l±TI^*t-§73ji, l/^y^STSJi-r Sil^V h y <y *X*m<DHmi$i£ 
y -y * XtfSfttD^ y UT»«*ffiVT\ fe^^Sft? * tc fi#f& f£ -&T 

<d SB # fc> <fc tf iax7??*^x*-r « c h feit#?;£?ggi£-e, rH^^ftj V r 
j g&fti a h t"?if n« wj»ft^-&#*jg«s-&6n* c fcjE»<«i&nr v»s vhy 

[ 0 0 5 3 ] 

$fc, cn5©vhy>y^xM^*^MIB0a«0«SiK?^^i!t^-a:^^a^ftl073J* 
y *X*f»©«aB{*©»»fc#tt » Mt * RSt * ? 5 7j £ , # 1$ if* # ? 3* ^ h »J >y * 

» W^tfjfittJlEilAKS^A^ttfb^aifO&MJtt^Wtiaf^^Rvhyy^XWS*^ 
fctt3-tt SlffczkJRjtfXTM LT«{fc* F 3 * AO*tt? * % £ It It , M 

[ 0 0 5 4 ] 

3 C £ t? # S o 
[ 0 0 5 5 ] 

« £ * & r* , fttstSL^jg c * ft v>ffltj@ji»&tt£ L-c^&s-es c ttf-e** 

&XfRtSAS*(ttf. gau>Xj£/£JI (SJflgftif) , £ffe«jg (*-7X4if) fc«fctf/£ 
ft « « i§ g H ( * » ft if ) i:HSftT#ftt5«^, WIBfeiRliS/jNejlOtt^g^fftie 
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[ 0 0 5 6 ] 

[ 0 0 5 7 ] 
[ 0 0 5 8 ] 

tl & ¥ » ft U — 1f-!b^^It5Si 8 5 0 n m x 1 3 5 0 n m & 5 W± 1 5 5 0 n m £ 

w) mMy5T£,<Du-*f-*ti?micm^2><iktfT*%z> B mz.it, itn^e. 405* 

4 4 5 nm©f t^l,atfe^iftl/-f-, ^iitifiNd : YAGU-<f-©S 
fil 0 6 4 n ra$ 2 5 3 2 n mOSfttCf SLftfeiO, 6 3 5 tt V» L 20 

6 7 0 nm(!)*6fiftl/-f- < *5«fctf, 7 8 0 4^1 8 0 0 nmOii^SL' — +f — 
* g j£ L , JfSEf t^T?t5, 2ine.cOfiJffl]^jS«^^ti:©iR%^L, 8 50 

nmftiai 5 5 0 nmOl^^l^ML^^feitLT^ g)^lf, N, N ' - if X ( 
2 , 5 - z? - tert - ~7 =f- )V 7 x — )V ) - 3 , 4 , 9 . 1 0 — ^ U ->'ij;V$ 5 K 

( N, N' -Bis(2 , 5-d i-tert-butylpheny l)-3 , 4 , 9 , 10-pery lenedicarboximide) ( 1 ) 

[ ft 1 ] 




30 



[R = C(CH3) 3 ] 

^(11)2, 9, 16, 2 3-fh7-tert-7f;l'-2 9H, 3 lH-7?n<>7z> ( 
CopperCl 1)2,9. 16. 23-t e t ra-ter t-buty 1-29H , 31H-pht ha locyanine) ( 2 ) * 
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Cfb 2 ] 



(H 3 C) 3 C 



P(CHs)i 




(HbC),C 



C2] 



C(CH3) 2 



Aty/I'E, 1 1, 2 0, 2 9 -f h7-tert-^f;b-2, 3-t7^ni'7->' (Va 
nadyl 2 , 1 1 , 20 , 29-tet ra-ter t-buty 1 -2 , 3-naphthalocyanine) ( 3 ) , 
lit 3 ] 



C(CH3) 3 



(H3Q3C 




C3) 



C(CH3) 2 



(H3C) 3 C 



(1) , (2) feitf [ 3 ) Ofh7t: Fo77>i§$OgI$X^^ F;l/*@2 2ES 

0 0 & L 1 5 5 0 nm©ifi*fl.tt1BiSli:;fe^Tt>9 8 % J-X ± © Mffim * ^ "T . 
[ 0 0 5 9 ] 



(19) JP 200S-234356 A 2005.9.2 

to 

[ 0 0 6 0 3 

im 1 3 











\y- 




S;&ft [nm] 




#^ 


445 


532 


635 


650 


670 


780 


800 


850 




CO 


359 


0.10 


97.08 


9736 


9733 


97.67 


97.15 


98.64 


m 


C23 


93.64 


81.67 


2.32 


0.78 


0.00 


97.23 


9837 


99.63 


[%) 


C33 


52.19 


8930 


88.72 


8156 


7335 


9.06 


0.12 


89.00 



[ 0 0 6 1 3 

«lfr6W*J;5K, feiii (1) tti« 4 4 5ftia 5 3 2 nmOMI)K?|l|J!Lti! 

fe* (2) (i$56 3 5 S^L6 7 OnmCJtlStSftflKIiOM^tLT^ £ . ft 
JR [3D «&«7 8 0&^L8 0 0 nm&C#j&^£ftM«®t®#ft<hLT#ST';&5o 

S-&T£Jft*itfc:i*A,T?, feSV^ti, g*t»§t±KXl£>=i- hi* g fe (i ft « fit LTfig 

[ 0 0 6 2 3 

gfcfe* [2] [3) (D2mmm, m 1 msic&m en > i2g@c&i (2) 

, Sg 3 © g tC fe lit (3) 03gI)SfclTllfflt5aT\ #fi*©»lR*tt£#»lRflf 

[ 0 0 6 3 3 
©SI] 

■PM£0«l»jaiElt01«*M*Ja:V'»Jlfc*«»*LV». 
[ 0 0 6 4 3 

tp<DK®.ium c 1 * 1* 2 * ) oiitco^T(i> tneoi^^tttbt, # » nx ■ 

l«Slf SIM* ft 43* OS iSsps «S4>iC OTi^t 5 C tA'ftS. 09*.Wf, 

©«lc**J:5*fcRiK*«*©*fc»JKSI ( l Sfcfi 2 ft) ©IRJPfcHJg-rscfctfT** 

[ 0 0 6 5 3 



(20) 
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[ 0 0 6 6 ] 

\yy XBf&mTic&^T it, mis > xm&m?* ©ftftiRg i^eit^ mm jtosis^ 

^90%^v^L0%^c^S«t3>fc®lRSM4'<O^96IRE!c^^•<D^ifife<fcl?#&^«cDf^J®J, 
3fe»iK*tt*©tt«iRllt ( l Sfctt 2tt) ©BtJP»s6%fr5ci:A^«lil«n*. 
[ 0 0 6 7 ] 

i 3 M6»iRJlM*0)tKiRja«-Oii«fe«t tffiFft*»OWW» 3fc ft * © ft MSI ( 

[ 0 0 6 8 ] 

K®i®.mm*<Dmis z/x&&mmm<D-fmtt.* JstTfcfais-r s * ? n&b^xjgfigii 

[ 0 0 6 9 ] 

#*<D^ftU2K^cD t, ©*, & U VXJfcfigjl L Tftffl S ■& T & Alr"»s6l<, ftftlRfcrfcU 
[ 0 0 7 0 ] 

saints. »tc. »uyx»*itf, ffc*«K ^mitisVamw. <t 

tfii *^ 5. 5: 5 ^ c. Ilf n 5 SUt^ftl ^ P. % 5 i » § „ & *5 , US U > X fit H 

U>Xf)SIO«ItfIft©S^li, J»U>X»«»©friBSfc«:ffliiK:ttftiRfll*«» 
« ■& T ft fi£ t ti tf A V» . 
[ 0 0 7 1 ] 

Ttl<> 2; fc , 0ffc£$#:%;a/l£-£fc: i E ) ©T'£-pT<£>&^o 
[ 0 0 7 2 ] 

o 

[ 0 0 7 3 ] 

mis > xm&m t 1 $ fc« 2 tt©ftftiR§t*aji LT&sftftiR/iffii© 

^ ft © J» * « , iRJKSnfettH3#J»«0«j!Rj«ffiK02fflf*fiA*V'»«lt«<»SH/ , »» 
[ 0 0 7 4 ] 

ftM*$i* ©§& U >XJBiSM©«» t L T *5«fct>\ H f* © # * flU^ 

5a*'t-f stf, ^-rn©^^-feB»f^©j®ste#tt3b^*^«^^»sLv^. 

[ 0 0 7 5 ] 

Rmftte^mit&tymfc& &zf7kcommmi&m&&&<Dty&mte*M [D.soiiminiij.A 

ppl.Phys. .vol .37,3314(1966)] EfBS?nT^«o Sft6 3 3 n nKD^t^t §BSf$ 
©iSMfk l/K] a , 7k (0. 8 x i o ~ 4 ) <£9&;><*y-;V (3. 9X10 

" 4 ) &H©Z;l/3-;l/#;*:#<, M . -> ^ a > £ > (5. 7 x i o ~ 4 ) , * V -t£ > ( 
6. 4 x l o "" 4 ) , n a * ;l> A ( 5 . 8 x i o H ) « igftKI (7. 7 x l o ~ 4 ) & 
H©#7*f!iS§^14W8ligS!ltf *#v> 0 

[ 0 0 7 6 ] 
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n-"/h^>'^>> 7, ;v r >-4-v'7yZ-U>', 4" - n - A + i/ >J f >- 4 

-is7/7-V>&Z<D4' -7*3^>";y->'iJfy-4-->7y7-U>I, 4' - 

x h^i/^v^D f > - 4 - n - y ^ )vy - y -y ^ 4' - * h + ->^y->''jf>7;y 7 

4 - (4' -^h^v"^y^'Jx>) T^/tf^x^K 4 - (4* - * h 

* ^ > v> y -r > ) 7 = y ;i/^y&if©4 ' -7;i/3^i/'<ye;ijf>7-U 

4* -i/7 7<>">" , Jf>-4-n-7f l-4 ; ^7r | J 4' -v'7M>5";fy- 
4 - n -^Z-i/ *~>7 — V £<D 4 ' -•>7;^y->' l jT> - 4 - 7^3*->7- 

U>S, 4' -n-:/h*^#;l/#x;P**^^>^g^;/-4-p<h^>'7'x V p 10 

-A*iT;ti'7i-;P- n-7S;l/i)-t^^h, n > X ^ ;!/ • 4 - (4' - X h * 

7 x * ft ;V # X ;1/ ) 7x^;l/*-#^^ hftifCKSxXfiH^ 4-n-7^;U£ 
Jt # 6£ • 4 ' -Xh^i/^xX;l/ % 4 - n- 7f ;l/$lf t • 4' -^-^^^*^->7x 
X ;K 4-n-^>f-;l/$,|||- 4' -A^i/;V^^$/7i^^%iJO 4 - 7^ + ^$ 
11 S & • 4' -T;l/n4^>7xx;l>±Xx;US, 4, 4* -^-n-?;^**^?!/* 
5/ > Hf > > 4. 4' -i'-n-/x;l/t*i'7 , /^->^>'-lfy4ifCD7 , /*i"^y-f> 
§| & # , 4-'>7;-4' -n-^^^Hf^xX^K 4-^77-4' - n - K f* > ;U 
lf7xr;l/Sif04-->7/-4' -T;l/*;H?:7xx;l/S&£r<Di&ll. 33 «fc (2 S, 
3S) - 3- ^^;l/-2-i'aa^>'^y'l'-y^®E - 4' . 4" - t^f^t^ i^lf7i 
x ;w 4* - (2-^<^;i/y^;i/) if7i^/i'- 4 - A;l/^y| • 4 - ^ ;V * * v- 7 20 
4" -^-^^;l/e^xx;l/-4-^;l/^>'®S - 4 - ( 2 - * )V 7 ;1/ ) 7 x x 

[ 0 0 7 7 ] 

Wtt t *»£S5ift©»iK fiit^&ffij % &ffi1»*Rfg&(l993). P. 35] »C B* S n T V> * 3fc 
¥ffl#IIB<E>B*T *©»Mfl: : l/K] tt, «*tf, #'J (/jt*'J;H^^) 

* 1 . 2xio" 4 , * y * — * * — h *M . 4xio" 4 , ^yxf l/ytfi. 5 x 1 o ~ 4 30 

T*&£ 0 cn&Ottffll^ ft RiR* IS *©f»U>X« LT#»fc«ffl-r*CJ: 

t* t S t 
[ 0 0 7 8 ] 

l(tlBW«»»yoJBiff*ia*«^tt«WIB^^ffl»l!BO«^J:Oti**V'»4:^-5^y-yh 

fclRlBEWtcRfcSLfcft^fflWIBtt, fl*S#'J*-#*-hO«#, »J «P fti$ M fc * * ffi 

* ± # 2 5 orfciBASiSfciBBa&frtefc^TfcttJSnriSI-t***. 
[ 0 0 7 9 ] 

[ u m m jm ] 40 

[ 0 0 8 0 ] 

Umm&t LTSfttSV^I&tt, J»£**#ft©iR»MfcraSfrftRiR*fliJ:!)t> 
'>Si>tfJtT*oT, fro, SflWft*sJ:tf«#ft*»iSLx 3CKiR*fll©»K*8»*fe 
ttftft LfcVt, cD-e&tltf, <xjlc<D&&£fl3 ^ 5 C # "P # § . M X If , ® IR Ji It 

[ 0 0 8 1 ] 

ft&Altfc LTBtt*fflV«*6tt. «t£WJ*#ftRiR«K (ft R UXffit fe «t U > X 50 
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#T*#3 0 09*tf* Jt»iR*flt*^7- vfefii£#W L ft # U * D ;!/ » * ;l/ ft» 6 a 
fe^^-a-^^V^^U^^^';;!/®?^^;!/ [3 0 0 KtfeltSligllfO. 1 5W 

m"'K-'] *«?SJl®£i; Uffl^S c t 
[ 0 0 8 2 ] 

teiiiotts] 

ffli^cttfff s. fro, Rra)tii(io»«?if«K:fe»*)t»iR3y/jxs 10 

^UntLX, 09 * If , ttoCT^l/Y [SOOKKfeltSiei^gOOWm^'K" 1 ] % 
*7H7 [^4 SWm-'K" 1 ] , 5 £ ¥ £ A [cttKl¥fT#fin?HlO. 4 W m ' 1 K ~ 1 
] , 5$i?7X [HI. 3 SWrn^K" 1 ] , SSA*7X [Hi. 1 0 W m ~ 1 K ~ 1 ] & if 

[ 0 0 8 3 ] 

[ftjSiBJl©****] 

6hTi>TU^r, JtliiioMSi: LT(i, S {* <D « S H R ft <fc tf/ £ fc tt £ & M fit 

* 3 o 

[ 0 0 8 4 ] 

*?i^T-m^n£g&ix^x^fi£iS?o{tfi£;£?4«, mvz/ XB&mTom&is zxs®. 

[ 0 0 8 5 ] 

J»U>X«j«iR?«f»<0)C»iRffllfcfflv5tiS)t»iRttO»»««, «uiiB<9«fc5& 30 
J*je*©*^ *|gffiO«lH»J • W*ftHK«fe oT, ft » IR I* * ft £ "T S C ttfT'ZZo 
[ 0 0 8 6 ] 

>XJgfi!c«, fej;tf)t¥**7X^£iiIi:LTi*^t)trffl^f!: r£J&Jl!t/ft»iK 
M/JRUvX^tfB/ftKiRBt/eil&MIBJ J:V^I)SOliUyX«ii?%ffj8t5i 
WTfcW*^ S J: 5 *36TJ*te J: o T, £ f\ £ mm M ± fc ft © J5t £ ft fig T 5 C & 

[ 0 0 8 7 ] 

tc^fli^s XU-Kn-hS, n-;l/3-hS, Xlfyn-hS, 7^-ylf;/Xi£, XX 40 

u-a^ifoiiiST'ii-rsfr, & s v» « , ¥Hg, a Kg , his, jljsr. x * u - z/ , & 

if © EP RiJ & T* ffl WJ LTft5RiKffli£M-f ^^ffi^fflv^T £©*§£-, ftKUXSi 

ofsicy^y^aKisM^vh u y ^ x#^^fig7^s*fijffl-r s c £ uts. 

[ 0 0 8 8 ] 

*)S?fi£-}£, 5 -tr;l>*»S; (ttR« 6 3 - 2 4 3 2 9 8 9& v ll) £ if © « 
[ 0 0 8 9 ] 

[ 0 0 9 0 ] 50 
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(Dm-Br. * * 7* 4 1/ 7 ft, V 7 t i/ a > • ^ y i> x -> a > • ^ - ;l/ F ffi , X ^ X M 
[ 0 0 9 1 ] 

[ 0 0 9 2 ] 

Ii©i)gsa (t^^Sf 2 5 9 9 5 6 9 §) ^?Jfflt5<: ttff 10 
[ 0 0 9 3 ] 

[ 0 0 9 4 ] 

U'Xft (#i¥ 4 - 9 9 6 0 9 *&«) fcfll^T r g & /■ R / © IR JK / U > XJfc fig J3 
/Tt^iRR/e^eMj fc^?i«o!»U>X^{SSll?*ff^tSi:i:tf-et5„ rata 

<£Oili IK t?*^it5Ci)!)'T-t5. 20 
[ 0 0 9 5 ] 

[ 0 0 9 6 ] 

WSS^f ^#ST^)St5<: S [H.Oikawa.K. I ga . T . Sanada : Jpn . J . Appl . Phys 

,20(1),L51-L54(1981)] . tSfe^s ^ y V - £ SI S 85 fc <fc o T , JS St * # V > X % ¥ 30 
S * S « ± K * y 'J i/ y 9 ic {? 5 C £ , 09 * tf * {gjBflr^X^X^-y^iiLT©* 

£ * U ;l/ & ^ =f- )V C n = 1 . 4 9 4) £, 3. 6mm*»R)gf-i'X^iD?X^0$t)!) 
6 , */B«f**fe"3*U -TV 7**lf7i"JA' (n-1. 5 7 O) ©¥I4X7^f 

[ 0 0 9 7 ] 

XltfSTffitSC £ # -5 [M.Oikawa.K. Iga: Appl . Opt ., 21 (6) ,1052-1056(1982) 

TcK>, RftlBfC T*#**9Jin LT^ * >£&*<£ii£ C t K. J: o T, M^lf> K 40 
SO. 9mm, I^Hg2mm, HB P tfc N A = 0 . 2 3<DU>X*Bl$.t£-&&ilt X* £ 
5, 

[ 0 0 9 8 ] 

[ ft 3* -fe ;l/ ] 

[ 0 0 9 9 ] 50 
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fe m m m ft at m u > x m $ m ? -e m v e> ft 5 yt ¥ * ;i/ cd b m it n as & m t as j& n t 

^ ffj 2 ft § . 
[0100] 

««, ia^fttt, ¥paa#. sHosaotoiii'iiv^h 

5 0 

[0101] 

ft^-tr;i/©rtMH fctt, -f&ft-£> feJR»«2EJ*ap<DfB!BTa& 9 , fi*»«fc* 

UT, M£¥-fe;KDrtas#tttt* H#f$£«:, j»JH % E^tttt. Rtt 10 

tt, ¥P3S#> H&Stf. HftStt, CiU>X#. H^X«, ^if©tf A^SlIRt 

[0102] 

<1 fc ^ t* t 5 o 
[0103] 

o 

[0104] 
[0105] 
[0106] 

(4) &m®mtf, mm*** zi&mmmicfrtE? z&&&z^itm#tmte-t z c tic 

[0107] 

-f^tf^xs: if <om% Eiif7X, -9- y r << r & e zixmicfem-? s c t 

[0108] 

4: l r o aa w- o « h k ib o a » -e * ft a ^ „ 

[0109] 

[01 10] 

[ tf- A >7 XX h M <D it g] 

xab**wa&tefijfli-r3fc«>teH:* fcjft (*3tjS[) jfi^ojfe^ t, ft^mm. -r& 40 
[01 1- 1 ] 

[01 12] 



(25) 
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^3 0 1 i«(CfelJ53lcil^fe<}:tfSI 3 0 0<Olf^@ 1 4(Cif„ C C X' , & fi A tD 
tf^Xtf — A<DHS2 to tffi/McftS&B^r re-A«>x7 hj tl^„ «T, tr — A 
XXHI^2 a) 0 t'itt»©tt§. ftOHSHfffltDfcfc, 2 to 0 « -fc? D tc (i ft 6 iT , # 

K © ffi £ & o „ ft . e-if iffl^ojoCSiiis ^^xe-Aoif-A^-L^^oi 

*;l/^-^S¥i:LT, x * ;l/ tfl / e 2 ( e {4 £ SSttftO jg) {c ft £ {4 g «■ kf - A 

<£> ft < , If-A^lX h©*^(Cfe^T, Jfc??Bfitt«t>i*^o 
[01 13] 

jtf»>;*l£-A©»-&. If - A x X hfr53feg-ic&£-?®tf-A&tf!)ft e « Vt 5 A *3 
J:tflf-i*iXhg(D D i:, *OS (4) TB{|#»Hti5, 10 
[0 114] 

(ft i ) 

n ' 6 • to o % A ••• ( 4 ) 

[01 15] 
[0116] 

M fc — K W fc » =&j»Bln¥«a*J:tfllnftNA©Jfc3fcl'S'XT?* tT-A^gto^TfT 20 
# ^ X e - A ( JS S A ) %iRI?^fei^<oe-i,')xXhfiS2ffl 0 tt, SOS C 5 ) 

[01 17] 

(ft 2 ) 

2 to 0 = k-A/NA - [ 5 ) 

m& k fcfcttftWKft? < c i: #T- * ft v^fci6, u >Xi!5g#®T*<D^^«^^(c o 

[01 18] 

*«U>XfcA«#rSl*-A¥Sa>i:ifcftU:/X©«»MP4*SaQifc**g*-C\ ft 
M*«rSH*fr5i:, a C5) OftftkOttttttTOi^lcjRSS. 30 

[0119] 

(ft 3 ) 



a / to = 


1 


CO # 


k = 


0 . 


9 2 


a y co = 


2 


(Dtt 


k = 


1 . 


3 


a / co = 


3 


<D h % 


k = 


1 . 


9 


a / co — 


4 




k = 


3 





[0 1 2 0] 

T ft "5 > I^L^yX^tJIiaPfiai^e-A^lffl^'h^lttiif'h^V^, fc° 
- A <^ x x Ho) 0 tt*?< 5:5. 
[0121] 40 

0!l*t£, Dtl/yXtLtlUPtO. 2 5. ^^P^SIftSmmOPVXSrffl^ 
S7 8 0 nm©i§7t?lRSLfci:t, Dtl/yXlcASttSlf-A^Saitf 5mmt'S 
ntf a / to fi l& 1 T , t'-A'JxXfO^Iaiolil. 4 /t m . to # 1 . 2 5 m m T- & tx 
(f a/d)(i»4T*a) 0 (i4. 7 /z mtifSJnSo ra«fCLTJ6S6 3 3 n m tD frj fl? ft 
l& 3? L ^ , 5minT'Stllf a/aiBSlt', f-A^XXNO^ga) 

o f± 1 • 2/im, to AM. 2 5 mmt*$nif a / ai 4 T* ai 0 ft 3 . 8 /j m tttS^tlS 

o 

[0122] 
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[0123] 

^v^iSfcfe^sweM^^otr-Aisfffia*^ e-A->x;*hfc*s«-*t8KiW»ft<oe 

i§ T* & n fcf , J^Ot&^&itfff-WsStCLfctfo-C, ftftPVX&ifOM^KT'iKSl 10 

<Dft?£*#«&ig^fIigUcfctt3miE«^ft©e-ASftffi«#. fcT-A^xXMc&tf 
5 MIS §tf ^ ft © e - A Sft ffi :» £ S * & ^ £ -5 £ ^ 3 C t T* # 5 <> K-Ai + X'OKO 
fStLTli, ^ftltDfeO, W*tf2tt©i!]iU:/X;fr5*S*:/5-£!©3fc¥5fc*Jl^S 

[0124] 

' Z c ©It If] 

— » K , tf^Xlf-AOil^ Ci^vX^ifOlRm^ST'lRSSnfc^^cDlf-A^X 
X h i£ 6^ -f & fc> "5 , ^^*MA,T-«^^^g|ZcOEMtc43V^T{±, iRjfce-AtiBHT 20 
¥ff)ttl5:ti:i:*'T'f , &M&mmZ c it, Pimm n , e-A^xXh^ga>o^3«t 
t>* & ft A £ ffl ^ ft: i£ [ 6 ] T' * I" C i: T? # £ o 
[0125] 
(ft 4 ) 

Zc = n <o o 2 / A "[6] 
5* [ 6 ] <D a> 0 [5] £ ft A f 3 i: , S (7] It 6 *a * . 

[0126] 
(ft 5 ) 

Z c = i (k/NA) 2 l/4 ••(73 

[0127] 30 
« *. tf , Dtl/VXttTlPSO. 2 5, SafJPlgSSmraOl/yX^ffllV & 
57 8 0 nmOl§3t^lKSLfci:^, i^l/VXCAMtSe-i^liotf 5mrat'fe 
ft . a / co «: *tl 1 T* , lf-i»^XX KD¥lfl)„B 1 . 4/im, «^j^^liZcli:8. 3 
/im, a> AM. 2 5mmT'Sn(f a/a)lil!l4-p(ii 0 «4. 7/xm, 2±«l.i&SggtZcfci8 
8/imrrfI2n5. RI*l:LT»S 6 3 3 n mOWIPJtSlRJiiLfei: *, tf - A ¥ S to 
*'5mmT*fentfa/(»tt|>I 1 t\ If-A'JxX HO^lfl» 0 S 1 . 2 fi m , H j£ ® 81 
Z c tt 6 . 7/im, o)*M. 2 5 m m t fentf a / oj ti|?I 4 T' <o 0 ti 3 . 8 /* m , « jft j5 
SlZctt7 1 fi m tftWZ tlZo 

[0128] 

[««U>Xi5J:tfa3ttU>XOBBP»] 40 

*«tdfcja«tLTv»**^ »u>xjeiajis : FA>6jinrj:t)t>^:#v»Bi#ftfi-z?aw i rsjt 

£§7fcb>XT*SftLT 5 ]M?3U;:nU/-h-f3*I£-, coS^UyXolPlS («T, 

i) i)tuyxotiwiiPt«*^uyXiDiPii0t^2i/\ £ot, 

S^UyXOMPStt, *)tl/yXriPiS!T'(i4<*^l/yXO||lWg [ lPSi()t*t 
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[0129] 

[ft»iRJIlBt<DSaStJ*] 
#»iRJiII*«JfifS l*fctt2tt«D3fc!RiKJil©JPS*g*.i\ #&1^>XM«©JP£ 

^g^TSS^^rffSL, « * » at - s -e « » o a a * a » © j» u > x « ir ? k o ^ t n 
* l fe « jR , ±mv & ? ic isTmnz txznm&mmz c <d 2 Gttytt<Bi®iMm(Dmm<D±. 

[ 0 1 3 0 3 
[0131] 

mmttm^, §ijp 1 so^m) /#vt>-x*-b®mm c«mji) 

/^7ft7^a->7->iti OtPRiKK, BS J* 0 . 2 ft m) / # U h »» 20 

Jf (^UVXJgfiga, Sf 20^m) /-f^f-±-7 * n ->T->H«§i (fteSiRSi, ffit/P 
0. 2 /t m) /#'J*-**-h«JB» (fti&A) /#^X (gill, g|JP 1 5 0 /* m 

) o m&vmiszs x&&.m?ttfti$.Lrct%'&, ummm^mmitaf^. l < « 5 n m*» 

5 5 (imT?35!), HCjftl<tt50nm*6 5 0 0 nmT»5. 
[0132] 

[ei&« §!©§!»] 

*/b w a=>x (Bmmm, mm 1 5 0 /t m) /#'j*-t^-hiii c«*gj§) /x 

5^-^7#n->r->3RSI« («RlR«t, l&JP 0 . 2 /t m ) / * »J * - * * - h«JB Ji ( 
il/>X)gfiKI, 112 0 /im) /!/7f t7^ns/7=.y»«I (ftMJK, MP 0 . 
2 /i m ) /# U M»M (ffiffiff ) 7 X (£111, fltff 1 5 0 ft m) t 

SS * S o 40 

[HSB#J] 

[0133] 
[0134] 

[$ffi09 l ] 

o 01 a©Jtl&IW5£ftftSJ«S!3teM£i££BH: % iooi^«)t»2 oi:, {l^ft 1 2 

0 tttSS^I&S, 3O<DEVfc»g<0RftSfM»ttft*2 1. 2 2, 2 3 f 

1 2 0£3O<D$!l83)ftl 2 1, 1 2 2, 1 2 3©£T©Jfc»*IJ9*.THW-eH2flR!fc:£$fi 
«tt«ft»Oi''f*n>f 7>S5- 5 1, 52. 5 3 L 1 2 O t 3 OOMH* 1 50 



(28) 
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2 1, 1 2 2, 1 2 3 %^b^T, ^77^^-1 0 0^AWS^5fti6(D*^l/>Xl 
0£*<39%120J5J:tf3O<D$|&l»1 2 1. 1 2 2, 1 2 3 ^^t)ttglt5)t7 

r-fA-i oot, Jt~? t -4 — i oofrzmm-tzm^yti 2 o $> zz* 3 -Dofflmyt 1 

2 1, 1 2 2, 1 2 3 ^^SWCfffe-AtIt/S:J6O3'J^-H/>X3 0t, I" ft& 

i/yXA»)ti7fei/>x (3 l, 32, 3 3 ) , m u^x&fcm? a 1 , 2, 3),^^ 

yXBlW«**l/VX ( 4 1, 42, 4 3 ) , IIIjfigl7^/H- (8 1, 82, 8 

3) fei(f^#57- (6i, 6 2, 6 3 ) j e, & 5 ft&mwmm 9 1 . 92, 93* 

3ga?IJ^^^L/c*-&^0!l^brctcDT*feSo ft8S^#H«§9 1 *i tf 9 2 4>6Bl»t 

sitjim^jt i i i*5«fct;i i 2 it, Qrsmici&'&z nx . &s '&®.<D%mwwmm 9 2 

& £ 9 3 <Dmisls X XMXm?tl<> X 3 2 *J J; 3 3 / \AStL> 3gg<D7ESS^#ti«l 

9 3 & e>m$fr zB.mm*§ft i 1 3t±itjiaii5f«^^o*«b>X4o lti^tMs 
n, mmmMmmt<Dft7 r j >t- i o l^xwts, ^s&gjgsiii 9 1, 92, 
9 3^e.^KA^^p.nraiSif-r§M^«2 1 1, 2 1 2, 2 1 3 &*ftssizj#^«D 

lUWIfM^l/^X 7 1, 7 2, 7 3 lCi^Tl^^n> ttSS^McDmWfl^Ttft? 
r-fM-1 1, 12, 1 S'sAHtS. *7r>(A-l 1, 12, 1 3, 1 00, 101 
tLtv If 0#-€-K5^)fc7r^M- (SSlOS^LlOOra) * ffl ^ „ ^ — 
t-K5IS)67 7^M-(p«fe!){i:v;l/f ^-F5^)t7 7^A-, S If757f-y^ 
JE^r^M-, G II77Xf ■v^^77^/ ( !-4if%, frJSPftfc £ tffl^ftoSi®^/ 

[0135] 

?t^«J#ti^£Oa*SIS{i, S^KilOS^Sif JtTtS©Stc«lSt5. fc7£L, ft 

0 m^is, yt&wwm& i mmrzo vmmmff 8 5 % (mmk&t lt o . 7 d b ig«) 
T-^ntf, 4 gii?ijaig(D^-a-coe-&Sji^ a 5 2 . 2% (m2. 8dBig) £&5„ 

CO 1 3 6] 

JWT, 0 1 a{c^-r3efi?"J^fiSc^WI^LT> f¥ ffl K IB BJ§ f £ „ ;& 33 , 01 a *i It £ 
t)tl/^X3 1 feiU'il/VXifiKif 1 ©gP^^ffi#aLfcgl5^E^07*3J:th*08tc 
> S&Cgftl^>X4 1 *3«ktf7Xtt5^— 6 l&££;&n;SL/cgi$#0$:09*5<i:a : 0 1 0(C^ 
-To ftSSSUlHilfi* 3 (@J^±l2tt fcl£B©#§s£0 ii$ttc & 3 c i: 3 fcfe. 

01 a(C^t«fc9C)tS«fI^ 9 1, 9 2, 9 3 ^$H^^lT'I^?t§i^, STI 
^-&§y<Dftg&$J#«#l<DM#l/£ia (02 a<D7£0) £ - gp IB ft L T , 02 a O £ 0 <D 

& ? icm*? % <i t ft % o f &frts, 01 a <D^sij®^7tiK^jgS7t«^e3M 

g « & 0 1 botiK- as ie ^ ft ^ n «i b§ ^ fig 0 T- s ^ ^ n -s o 01 a £01 biiste 

73?4^M*5J^^«|SI-F , 3§<DMIBS^Ifi5c0T**5Ct^e.. J^T. 01 a i: 0 1 b £ E SU 
t5^Stf%^i^, T01J tWXC. t ft So 

[0137]. 

Sfc, 2 oK±o^K«iIi^7t7 r ^ §y-z?iilig£ •£ 3 c i: tftSA', c 

<Dt§-&, ft? T -f ^-^^•S<D7tiK^J#ti1#<D«BS«fig0%*IIIS LT, 0 3 <D <fc 5 * ^ 
t5ci:i:t5, 
[0 1 3 8] 

& *5 ^ 01 a & ^ L 0 3 , iCfi 7 S^Li 1 Otfe^T, f&V > XB ffi ? 1 £r r 
e»lll5 0 l/)t!llRll 5 0 3 /eiIl 5 0 2 j fcl^ 3l«ii:LT0^t«A' 

[0139] 

# * JS 08 T fi , ll/VXill? 1, 2 3s ■£ 3 t Lt, S-^tu^Ofe^ (1) , [2 

) *3ckr>* [3] <Dmm^^tm^rc^mmm.^tm^m\y^ xmmm^ & o o (02 n # a? 
>*m^rc 0 yt^njv 8 0 9 t,zm\s> xmi&m^- 1 , 2 * t/ 3 ^ o 1^ t is] — ^ © t, <d 

* ffl l/V *©fe*}g«a5t*»8 08©»Sx "T & *> , Alt - ffl»ffi#7X8 0 1 t8 0 



(29) 
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2 (Dft&lCftli Zmmi&m ?Ll£ 2 0 O (iratLfto ft 3* -fe ;b 8 0 9 OAi • till}IA'7X 
8 0 U 8 0 2 ©niiCttA R3-h%iLfco £ , *f t;l/8 O 9 ©IAD 8 0 7 tt 
, fe*»»©as«*J;tflK«M*fT-3fcfc> & g£ • i-f ftl L fc 0 fit & i$ © it g 0 . 2 
2 1i%©F^TlH5L, ft * (1] , (2) *5 £ (3) KO^T, S« 5 3 2 n 
6 7 0 nmfeitf 8 0 0 nmCSi$tfO. 05^10. 2%, {I^tft8 5 0 nm<D 

[0140] 

^■mmmvit. it? r \ o o-frt>v>xMmmt\ 1 o^3^-m/>x3ot- 

tT — L^|5. 0mra(Olil£¥fTftiKft5<l:5li:LT^5. 

[0141] 10 

# H SS 0!l T- 1± , ft ft 1 2 0 (DytM2 0 t , m * l£ , 2. 5GHzt'ti5ri5:% 
Ii^5 8 5 0 nm©ffi5gft^¥2»tt^-1f-£/f!^TV>£tf, M&fi 1 3 5 0 n m , 1 
5 5 0 nm©SiSiji^Si^tl&¥*ttU-^-ft;&ffl^T&&^o Ctl^SSCS 
S<Dfg^ft£|WII$fc:ffl^T?>&^o # * 86 #J T- 1± . flft U VXf ^tf 1 , 2 .J; 3 ic & 
*^^>XM/3c£-e5fci6<DfiiiJ8iJftl 2 1 , 1 2 2 *3 <fc 1 2 3*JSifr**fl»*teft» 
2 1. 2 2i5<fctJf2 3tLT, & >«? . ^i$S 5 3 2 nmO^fftlfiN d : YAGl/- 
■y— £D 2 ^SlijS, 6 7 0 nmfeitf 8 0 0 nm(Df8«:l/-1f-tfflV\ ffl&ftOSf&K 
tCt^Tlf )t)ti8©«Ii?!Ton^ 0 MBit 1 2 1, 1 2 2 *3 <fc 1 2 3ti, l^ftl 
fct£-A¥S4. 5mmO¥tf^^(C4§J;3ti:> t*-Afi|)gLTffl^T^5o Mi^JE 
M<DU — f-^y-ti, *)tl/yX3 1 , 3 2Sft«3 30^fn0ffilCfe^Tt25: 20 
ia 1 OmWilLTV^o 
[0142] 

MWftl 2 1, 1 2 2 fcitf 1 23, *5 «fc t>\ fl ft 1 1 0, 1 1 lfeiff 1 1 2 £ « 
lO«)tl/>X3 1 , 3 2 *s <fc 3 3T*#^ifc^£-frTii&U:yXJgJj!ciS? 1 . 2 43 J; t>* 3 

^* nfniM u r v^s o suspftfe «t tft^fo^^ <d tr- a ^xx h fHsu^x^fig 
t^'l'Kfev^TI^CIS^^^c, ;t7r^^- l o CNAIf^^§f ft** ft 
tfflfflft%:?-J'?U'fy?S.^-5 1. 5 2*5<fctf5 33rffl^T|B] — fro, fl ^ ft 
fcttWJt^HVtTfffcaaA^KBiaELT^So COi^CtSCtlC^ot^ M W ft 

[0 1 4 3] 

fftmmmfcts iiZf 3 o © M 81 ft tt v> I**! t> , e-AtftMOft&g^^tftf^X^^T'fc 
St.Ofcffii^fc. COJ:o%l/-tf-3t?l/yXT-l7tt5t, tT-A^xXh- (*ftj£ 
T* © ft fi # *P ti . tf^XfrtfJfc&S,, *fc9ftiKBtT*RiKSttSiS«#tt©U---»r 
-ft^MftiiLT, l(»IB3t»iRil*$trJRU>X^lS*?Kil3fcU>X*ilbTia»U 
, »U>X»jR**^trftRiRJill(f'"Z?iKJ|lS«S fc, JtKiRM«<U--tf-3fc*»iRbT 
ll/>X«W©gttfJ:#L, SSfsptfTtfS. ±SOi 3 lc i3 V X#*p 

Soft^^Mittst, ft§$s©&^#^x#ft©*^&##M£4-u is^nfetc 

3# r^PSiKco4>oj fro, IB flf * & - 8 * £ < * 

ISA^#<s LfctfoT, JKMoav^f X #*&©*£% SB tffrfiaa* 4: c 3 £ ft 

ft mm? s t s©ft3at±, ft3§^©55^jtf*x#^®jsH«5#tfjBWSft;fcfcc*fcfttf 
ajg-rsi:#£o^3S«fcot*#v>o iotxii, ftsstfi©ii^;tf^ x#*u© Hjasdfi<ffl 
*f £ n f= ft f c & # s cn « , ^ au e^j tc t± . ^^^^©iHji^XfciBjciHtT'i&So * 

^ tc , «»*ttj(i)tl/yX3 iaiffc«fc-3TJR)t*nTJ!&UvX»j«»*dt?)fcKiR» 
®l ^ l!§ l>f £ n , 3tt®iR^iRjR)t<DJifT35riqifc^MK:jB£:Os &mizBmf£ ftfcf&V X 
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3£ © «fc ? K: # — (DIHll/yX£<t5^Ci:l±S§5o 
[0144] 

*^mmT>it. mu> xm&m? 1 , 2 sit;3 ^sii Lfcm^^^g^u^x 4 1, 

4 2 *5 «fc # 4 3-e8tfffr*K3iJ^-h LT^5, COf )Kl/yXO|PS («T, r 
NAJ £W£o ) tt, i*l/yXONAinict<5:5J:9S$Ln^„ **figfi»l^ 
« , DtbyXONAtiO. 25, §)tI/>XONAIiO. 5 5^I^T^5. £ ft b > 
XONAIi, tSl/yXCN AO 2 fa W _h tf^ i: C © BB tltl tf, fllftl' 

^xtn^-n/yxiDNAos^^b^iL c (om&micmzit^o §*UvXON 

A £ , Dtl/VXONAOZigWJtttSCtiCioT, {l^Mtr-Ajt&tfgil^X 

it & & $ 1 OraraOtiO^ffl^ft. 
[0 1 4 5] 

§fl/>X4 1, 4 2*itf4 3T3'J>t- h Lftif 3t*^#5 7- 6 1. 62fci 
t;63CAM?tt^5. |CBIICRI!t5iU, C © # 5 7 - % R if Z £ t Tf fll 

CO 1 4 6] 

a) lc^-T<}:5tciaVVX^fi!cm?l ©#RiRJiM©A»iBfc5fiV»ttB5fc:6v»T*Kja£ 
J8*J:5Kra^fcfiHi*"r*tx 08 (a) ^ <fc ? ® }Uc «fc 9 A I* ffi fc ifi V> {ft « fc 20 

titcmu> x 5 o ic £ 9 , fi *t ft ss? ® # u > tc & ii^ctelJnftfflW 

)t2 0 1 fcLTI^OtHM7t 2 0 0 ^ifftST*ffl«t§o - £ , 07 (b) 

fc^^J;5fc^UvX^^^^©f®iR®K©ffi*f®{J:iav''fi[§6fcJ3i/^TM^«ig^«J: 

nfcUl/>X6 OiCit), ff)t(ilRSStlftll!lt)tl 1 9tLTli)lft5o 07 (a) 
*5«i;tf07 (b) O^f noi^fe, SUfflJft &883fL£v>fc, 08 (a) *5 <fc Xf 0 8 (b 
) KjUmTTjk? £ 9 tfl^ft lill/>X5 0 Sfctt 6 0 ©^#£§tt£ C £ & < , «^ft 
©^#iI1i?©P>fl#£!]S©aji*ft2 0 OhLTft&ffSo 
[0147] 

C © «fc 3 ^^l/VXaS^I^S fc«K J»U^X»JRO*«l4:*3tjSffi«0*ailtc»JiS 30 
Ufc«*ft£-AWiBfc43ttSft5i*##©ffi»©«9J£*fTofco tSb^, 0 1 Sfttt 
09t:«I*^fgIict3V^T, §*byX4 1 iDiOSO. 5 5, i«b>X3 1 Ol 

□ &o. 25tu ^fn7-6 i©ftb0icii 3tcig^f tj;9*7tesa^^it 

5 7 0 0 5:111, §&U>X^/£l£^l£SMLfc:{l^ftl£-A©£T$:gftl'>X4 1 
?S*U ¥frft«fcLTll&faft3a*$i , flj«l£»©Stt»7 0 1 (Sail20mra) *\ 

©^ftr-ABfBO^SSS^^^aiSbfco 1 8, SI 9, *5 £ 

tf, &2 o tc^-To c c t?, ft ssa^-^S'J^iiii. 0 i 3 tc^-r <fc 5 fc, Sft S5 7 0 1 ( 

Omra) &C*fLTipIlmm©g! — © X D «y h 7 0 2 * S 1* , ^ — © X U <y h © 
fi £ 7? IrK tftb^H 1 3K*^TjS7 10*>5j«720 OIrI#IC, <li2 5/im©gi-© 
XUvh703* — it g T* »F £ •£ T , 2ftCX'J 7 1 mmx 2 5 (i mOfiS 40 

j&©sg*»a Lfcft©&s*, s9g2»©»»tt«fc:»«*-&Tas-rs*« , xf*«o me 

SE©»tttt«KJ*(S**T)t3ftfi*»I^-r*fc:a:. M^ff, m-<D X V v \~ 7 0 3 <D&W) 
&&icmmZ&rcX h U-~J*~>uX=i-7±lc, fuf3 5g£ffl®Lfcft£§ftLfc^aj#5 
© ttl 2l £ IB ft "f tltf & ^ , 0 1 8~i2 0«, ttl©i9tLt, XhU-v^v'nxn 

-x±cisg$nrcffl#f©jte — AWfffiic-o^T©f^fi»flj*^-rfe©T*t), « u 

(ftt£-2»^ffiF<9©{4B) & § ft gP 7 0 l©tfi^OtLT, 0 1 3©^7 1 0 £ M 7? fa 
[0 1 4 8] 

II 81i, 09 (a) © if *f j£ L , » U > XJB J8 SR ? 1 £ ffl ffll ft A* A » ■» 1" , (s ^ 
ft ©2*tf AM t fcii£-©itut2{g^ft tT- A»rffi©ft 3lfi^^t'$ 5c c ©*§£r©ft§i!g# 50 



(31) 
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? 7. # *P J ) L fc o T , ilOf^lC5t»4i;f 6 l£l|-r57Xtf39 

-6 1^19 (a) Oi^CSI JtlT^St^ ffl^^tT-Al 1 l<D£Ttf7ttt39- 
©^1-6 1 ^IltSilttfftSo llT, ¥tT?ti:LT*^^>X3 1 ( JK £ E HI f 
, ) 'NA»-f*fi**t<oe-Ai»g*d 1 , S ft U V X 4 1 ( J» jS E « f 2 ) fc: «fc o T ¥ fir 
ft££nfcfi^ftt£-Ai l i©if-ilg^d 2 ttsi:, 
(St 6 ) 

f i : f 2 = d , : d 2 - C 8 ) 

[0149] 10 

(a 7 ) 

d 2 = ( f ,/ f ,) X d , - ( 9 ) 

[0150] 

Aft;7-6 1tt, 1 i§7feO)ttti: 4 5t©ftt^t^TSljnt 

* fc , 7X1 6 l*fflia'r5M)fc©IKiBttRJB , T?**. LftASt, 7X 1 6 1 © 
«liSlD,« fi £ D 2 © R T* & 3 g & D , D,i:D 2 (±^©S Cl 0) © M EC & 3 

o 

[0151] 

(^ 8 ) 

D 2 = D i X ,T 2 -(10) 20 

[0152] 

C C T* , fttt 3 9— 6 1 © *l P3 J£ 7t 1 6 1 OIID.B, 5£ (9) ^e»*J6&tl§«^ 
ft e - A 1 l l <D\s — Alld 2 i t) t^;tttfttffiv\ fcfcL. D,#:*;^-r€f£i:$!l®) 

OlSIlidjO 1 . 0 1 ift^L 1 . iDffJUttl. 0 2^S^L 1 

. 1 ® T' & £ „ 
[0153] 

*HSfiM 1 fcfe^T. *ftl^>X3 lOi^iEttf ,iS)!6UvX4 lOliiEIf 2 a 
|5l-i:Lfc 0 LfctfoT, »3tU>X3 1{cA#>t-rSfi^^l 1 0 O t-ill d , t§ 
ftb>Xfc:<fcoT¥fTfti:£nfc:<I*lftl 1 l<De-AHgd 2 tt|Wl-T-fct>x *u & © <fc 30 
5 K 1 0mmT*S5„ Lfc^cT, # H S6 M 1 £ *5 3 ft 3 5 - 6 1 © *S R ft 1 6 1 
©SiD.li 1 0. lmm&V>Ll2mm#$f$L<, itlifS L<ii 1 0. 2 m m & V> 
LI 1 m m T & 9 , fC t± 1 0 . 5mmtLfc. D 2 « (7) ^ 1 4 . 8mm T* & 

5. S fc, 57-©*^Xlt I§3 0mmOlf-A^4 5 fig|f5It|)S:*f S (5 0m 
m^|)Ot<D^fflV^fco 
[0 1 5 4] 

119li> MjUL (ifcftjS) 51U>Xffi!c*?l 0»?tU>X3 1 t)fi^ffil5 (ft© 

ami) tc » £ l , M»ft*jB«bfcfc#©«^fte-A»r®©ft»*#*>-ea&s. c<d 
»^©ft3H£#*i?«, t'4j»»o3tssi** t a < , Hja-z* u v^tticjiesfijtA^^-r 

fc*oTV«. e^Jttr-AWiSOtf ^»©Jt!Sftfi, MWft&It:te<fc tf Jfcl'i'XJBjasiS 40 
^lfc^^O{i«M^JCft^LTjge'>L. ffPJ IP ft & g # it f fC L fc *» o T , -tr P IC 35 -5 ^ 
T V < . $ fc» ft^§ft3££©8§*ffiBt;fc, TrOkT-AifigckOtAt^ffl (ittg*Sl 1 5m 
m ) T-$ofeo 
[0155] 

[0156] 

&L±. 08 (a) ©ft3*EHlc*s^T , fW$ft^l}©WS8fc:*ffS LT. J& 

w ft js t 0 1 8 oiJ^xM (M»)t*jiai#©«^) ©Bar-la 0 s*. en. c 

n*, ft^ft t--ASift®©ft^s#?p©Mfc:;i-g-L/cfttt3 or, tn^ensu 50 
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a £ r o mt c: tic z-^x . mmt<oft&<o®wtfvjm t & 5 . 

[0157] 

f$ L , {I^7£©i£fiT-£«^#ffi:7Uc&5cfc98igLfc&©£J^/c:o ^(^7-6 1 <D 
ft 1 6 1 (Dfiiftli.. X «P3#<Dft*, 4 5 JtHW-TBBtf Tf^fig L fc c ft * BB 

Bgfroirnxh-^tffiCiO?, Rtmt**tf»«LK ft©rtffit47fcM& K K 

a, est mis 5 jawsMtix s^7tfcRi#^fes«»T?3&ntf a < , 10 

[0158] 

)tS5«f C<toT^ Hlfc3*-r±3K:» «*3t**O3tff^TlRl3!i»6 9 0*^riRlSSILT 
m*) ttiLfzmmt (7-f»f**«) 2 1 1. 2 1 2 *5 <fc 2 1 3 14, id ft I' > X 7 1, 
7 2 *5 <fc tf 7 3 t'DELT ft 7 r A - l 1, 1 2 *5 «fc tf 1 3&CAS*£-&T^.5o 
[0 1 5 9] 

fffj ®I ft <D ft ii 2 1 , 2 2 feitf2 3(D^ttf?l*TtT^5i^, {g-Sfftte^l^Xam 
* § &t 1* , fl ^ ft I 1 1, 1 1 2, 1 3tLTH)lttS. ft *f d ft 1 1 3 

ftl^yX 4 0 l CJ:7tl7tLt)t7r^A- l 0 1 A *f S -fr T <^ 3 » 
[0160] 20 
ftfe, *7M^-1 1, 12. 1 3, f fc«, 10 1Of^t>t){C7te^ttlg§^tA*f? 

[0161] 

% fc: Rg 9 & < a -3 3 & g # & S „ S , B&UvXJBjfi*?!. 2 *5 <fc 3 <D & 3 £ 7i « 
mftUy X 4 1 , 42, feitf4 30i5til$5IS?I17^;l'?- 8 1 , 8 2, 8 3 £ 
, mif 3 c t tfft £ L v^ 0 cn50iSfiIjfigS7^;H-i:Lt[i, ffl4©fM»7t<D» 30 

5f*0)t*»*fi<ait5CJ:<D , et4J:7i8:JSftIlRill7^;l/*-Tf$ntf, ^ 
l7^/^-SM8frf,*5»I^i7tl/VX4 1 , 4 2, feiy'4 3©IIiCiia< 
[0162] 

#n«w®7tfflW£7tB«j*s!7fcffi^eas««tt* rmfti^vx, ^i^>x^fig«?, 
§ftu->x, feicf^ft = 7-j *^&!S:«jttt«ie««i*3ait5ijicMieLfcfc©Ta&« 40 

A»f iOKJtL, frj 8i ft 2 l£rj5*TLf;:i§£-&4{I^ft2 1 1 *^7 7^/t- l ffl 
m ft 2 1 £ L M SP ft 2 2 £ *T L ft 1§ & {I ft 2 1 2A^7r-f^-l 2 *\ , Jg 

, mm 2 i*3<fctf2 2 ^mn Lmmft z 3 %&fr Litm&it.mmt2 1 3*^77^/^ 

-1 3^\, ftSSM t) #*. 6 nt ffl Stir S o «»<E>»JWft*HBtti:j6*r*- — *Coi^ 

r it '& <d m m m t m m -t 3 . 

[0 1 6 3] 

*$zmm 1 >DftfflW5S.fti&v}W%iftm^&mmsici3\,>T. m 1 ms(oft^mmmm<D 
ft mm * mm -r * & & , «#tt*a«ftfcL, -77, m » #-i 2 l^/ie&i&ifcHzfr 

£ 1 0 0 k H z -r a - -r w J£ 1 : lO&Jg&t&r^ft Jit £LT fig *fL, ftSS$]g£tifc 50 
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[0164] 

01 ic^-r m&%ytm2 ia^om^i 2 i£ft&tH§§£»^-c;j-->ax:3-? > _LT* 

jU5£LfcMft©Ml 2 1 0 33 £ 3ilJ ft 1 2 1 <DilC?J)SLT7tK«f ?nfes§ 
ft 2 1 l£ft&ai§§&cS^T*^aX:3-:/±T-MLfc{l*§ft©SJfcl 2 2 0*01 5 
*5 <fc 0 1 6£it 0 ^43. 01 6 © fg£ $4 ti 0 1 5Of^<03lgti^2tlt^5 o £ 
. SiJ»)tl 2 1^8iit5SigSO^i6S[§ 2 0 0 H25:Vai OOkHztCg^L, * 
©£t©m^ft©®r£Uc*fj£;-r5ffi^ft©Mi 2 2 OOiiL^itUftlSI^i 1 7 

t ^ t" o 

[0165] 10 
HI 5C«^T«»}I5 1 2 1 (01) %Kit5S»iSOSi|{S!5 0 0 HzfJ5, C 
©t#©ffi^ft©Brgck:*tf£;-r5<I^ft©Ml 2 2 OOliL^i?© 1 tt5t, ffif 
1*12 1 (Bll)£*rti?3£&&©JB2£8tffBB0. Z*»62 kHilC*^T, if L 
li, Bl? lt'S^fc. 3" & fc> "5 , 5 0 0v^^n#T*^^*7tSS^]g^sJtlT*fe5ili:^ 

st^^nrcc cna, ««fc-*-*jBi^fcS»ft**&**JBv'fcft'.x>f 

[0166] 

SK^M*iSi6fcJ§£-(D0!li:LT, & tfc 2 0 kH zlc*5tt5{t*§ft©j£J£l 2 2 0 
£-0 1 6 iC^-To 0 1 6*^flJSJ:3^cf^^^X^)S^cJ;57tK^J§^^7L«:^ / ^F , 3^cSlJ 
SUt^lfftSt, {I#ft©?£®ti©<Iff«3©?3ttt;::&tU li L ti/h? < ft o t V> < „ 20 

-r&fc-fe, «au>x»*oisaFja«%iBA* 4:*»o«»tt^^±K:a ?). «#ft©-gp 

[0167] 

, SS2aB*J:tfSl3aB©ftl&«lB«*te*JVT\ »«f 2 2 6 i If 1 2 3*i 

[0168] 

mfttL, — f5 „ iM W ft 1 2 1, 1 2 2 33 «fc t>* 1 235S«, H8S&1 kHzT', x a 
- x -c it 1 : l ©£«»»raEft«li: LTJBIt ft SS « 9 * n fc ft * * © 9ft A ffi « © B» ID 30 
^•itKbfcc ^ © H . §^a^l7J^P^i»jSbTt. I§3t<DSiIMtiISL4fro 
fc„ 
[0169] 

i o«w»sc)tis«i*sfte^eai«»offlattfiEtt*«BE^r*fe«>s «^ft 

fc«fctf»J»ftfc 1 tiCCfiftjR^fcttA «*ft*fi4*fl:*tf S***fToife*«, M 
[0170] 

h-^»tt*w^«fe«>, w » ft ^ t *s *j\ mmititm 2 1 ©*j£<j\ iw»ftftW2 2© 

* j£ *T , *s «fe tf , M SP ft ft M 2 3©^£*T©S*©*§-&Ko^T, ft 7 r <4 * - l 0 l . 40 
11. 12, i3fr5©a»ft3*fi*Jt«Lfcfcc:5, eWfcrsffiS*fta^K»"r** 
(faXh-^) !Sli 2 0 0 0 Sta 8 0 0 0 : 1 (-33&^L39dB) tffi 
§1 T* & o ft o 
[0171] 
[ * ft 01 2 ] 

m^fttr — A»fffifcfeitsft?sa^'flj© — M*sti2 on> 08 (b) sitfaio 

(b) K^<fc 9 &ft^l2B©i§-g-£*ffS M (AftjS) £07 (b) tc^-r^uv 
Xlg^I? 1 Of 1 CJ5^fil6 (ft©tHf#0Jj) tC^SL, *Jffllft*J»&|* Lfc 
4: t ©fi^ft tr- A Kris ©ft$£fi#7tJ T- £ 3 . £©«£•«:. * &SS# © ft §S* WWft 
^,ML4^1^(D4iiS»OS§S (0 1 8) <fc t) 3I< ft o t o £©*§£-, ft ft 50 
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Hifcfeststf, «i p # 4* m m m <d <g k & ag -r § „ 

[0172] 

Lft^ot, CVWiSlCftttZ^— 6 1 tfSlJnTt^t, {I*§fttf-A<D;*:g|$#A< 
JtM=7- O^l 6 1 *IIt5. CCf, J^M;7- 6 1 (fcitf6 2, 6 3 ) <D ft 1 
6 l<D*t?^iIft (#^SS0S2cDt§-g-, ifig 2 mm) S tl T V * » ft 5 ^ - 6 1 
fc <fc t£» ^ns«^^^r*SI±-tf aic-T 5 £ i: A<T-£ 5 0 L L & # 5 > fttfSv- 
6 1 (D ft 1 6 1 ©^tf^ISffcLTfe^ ^©Tt^MWU^I/^^- (09 (a) . 08) 

^cfe^^T, Hio (a) & ? itm^yt<Dtpfo%ift&K i 6 i zmnm^yt i i 8 1 
&mmwicts^r it. m m/t tr - aii o * a< a* * x^^^^l*-^ x#*&tc a 

<^*§-&, 01 0 (a) ft *5 5 ^ ft 2 1 1 IC^LT, & 1* , ^S@gc0iin«^7fel 1 
8 (* h-^) i!)^4t5 0 
[0173] 

tiot, an*.? tzmtimmt*mn±-eviz-f & c % 0 -r & t> 0 1 33 «t 

X 3 0*fflV^TMLfc&, R§tXUXAMb>X&£A^5&£lf-ASSrffi';:y<7*{tU> 

xm 32 Kciot, -B^^e-A»f®<D7te3sa^^^0i 9(ctgs-rs<fc5^'j>^« 

X3 1ttliift|6 (010 (a) ) ^ril^T S J: 5 lCl&}&LTmi'> XBtftm? 1 £ 

f^i/^X4 i vw-ff^mtcmt *©)te- a»t® <Dft&«#*P« 0 
1 9 tti^-rs «t 3 fcsagp^r*5i < „ * -if n £D nj>y«j h^^tcit 
, ft 5 7 - 6 1 £ 19: B L , ^ «D ft 1 6 i^iiji-rs#^^©^i^^:**±, & < 

, 09 (b) (DJ;5tcSiJffli^^MWLTl^^>X6 0^iS?g6*Jlc^^^-&fc^^-tc{i, m 

1 <Dft 1 6 1 L T < 

[0174] 

0 1 0 \zm^-?z> «»: 5 %ytmmwici3^T . mmytis&vmmytom&ij i mi'>x&i£ 30 

*?©ai#fflIfcifiV»ffi«6K38:*J:?UI»L, M tc {§ ft If - A »f ® © ft& fi £ U ^ 
^«Cf5ct(Cj;oT, fM»ft#J!B»<Oi: *, « 9 ft * * <D it fx* IrJ A^ 5> 9 0 ft „ ftSS 

*w k> mx. T mmtzmm s s c <t , gfc, m^ytmmm icm^ytttmmz c t a< 

[0175] 

2 ©7t»iS7tK«]fS7tflf £fflffl l (0 1) tefcttSftRtt 

tii 9 1 , 9 2. 9 3 £0 2 b icm^t tLZ «fc 5 &ftB&9m«#l 1 9 1 EitStlSA 
fcfccDTfcoT, Mft*S J: tf *J»ft<Djfc;£ (lflft£) u isx&atm? 1 ©S)t U V 

X 4 1 K&^ffiB 6 (ftOffiS* <lf) KS£L, fttt = ^- 6 lO^l 6 1 % H S£ 0>J 1 © i§ 

<£ 9 £> /.h £ < , H2mmi:LftfeOt'«5. C © if , e^ft:te,i:tfMttft©fej& ( 40 

t L^o ftSggjfii&#§ 1 9 1 [cA«t§If )t 1 1 0©lf-A&rffift3$*#*[iAS# 

-> X#*iJft V> L X#*McgH«T*& o T, 'Jy^ftf*^!^ P3 It X U XAIl/VX 
'S:ifA^?.^5lf-AWffiU>^{tU'>'XSf3 2 1 IC j; oT> {I^ftt:-A®rS©ft3iifi# 

ffli)eo)tKiRK<to t)g«jnftii/yX6 o^ttiiittsiR^iiif )t i i 9(i, e- 

A S £ Vfc i6 , tST*I)fetll^, W56<Dcfc 3 K If- A->XX h f? i& K: * o T 
IH. Ctl^rSlt5fci6, iK^iSjlfS^Tiei 1 9 * If - A X * X 3 3 1 K «fc t3 

T, Alt mm % 1 1 0£M<D¥S5mm2:-effi;*:£-l±fc{i^7£l 1 1 £ b T Hi M Z 5 50 
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c t & m s l ^ o 

[0176] 

2 <o^tu^^^mmm9tm^^m^.m<Dmm% 1 2 1 . 122. 1 2301 
tt<Dmfr&fr*t tit® ®w & 1* %.<om o 'p% < t $>m'®x, 1 2 1 %mtt t fc 

<a#ft 1 1 0l^f^7-6 lOgJillCiotKlftl, ft8g^§fl^ft2 1 1 
tLTHiWL. *)tbyX7 ICioTDtfn, «77-f^-l l^AHtS. MPft 
1 2 1 ££*T L m*ift 1 1 0(4lR5llifi}H3*ftl 1 9 t LTfttfS^ - 6 1 <D ft ' 

1 6 1 fciliSLfcSK + 3 lKcfcoTAWfl^ftl 1 OtlUli- 

AS$T'Si*StlTS2SgO)tSg«f i« 1 9 2 (04) tAMtS. frJSDft 1 2 1 
)SffL> SUSPft 1 2 2«>»ffgftT^5i*, «#ft 1 1 1 ttftBUflBft 2 1 2 k L T ffi 10 
Mb, «77^^-l 2 fc A tif "T 3 0 ffl IP ft 1 2 1 .fc 1 2 2iCP!l»tjftjtriT^4i$, 
M^fttilfiit fl*#ft 1 1 2kLTSif3JfSB<Dftg&$}g&«l 9 3 (04) 
M ft ft 1 2 1 1 2 2tfm*lCft*rL. *» "3 - »J » ft 1 2 3*l|jEriT^5S^« ft 18 « 
g ft 2 1 3fcLTft7r-f^— 1 S^AMtS. M » ft 1 2 1, 1 2 2, 1 2 3 £ T A 
*T L T V S * •& , « * ft 1 1 0»g^»(CfiIif^l 13kbTffl*tL, HftU>'X4 

0 ltioTljlSJh, *7r-f^-l 0 ^A»t«. 
[0177] 

2 ©ft«li*ft»«»a!ftfll«€RaiS«©ft«4Sa**«3£t-* «^ft 
Sril^fti: L, -73, »JWftl2 1*JSStt»Hz**&100kHzT?. xa.— rwifc 1 
: 1 ©JgJg«»f«!ft*fc LTSBi* L, ft B « § * ft fc fll ^ ft © 9ft « » ffi © * Jt IS? L fc 20 
0 ^£O^S. lHz£Di:^(D«^ft£03Sa*iifl^S2pi:LT, 2 k H z £ T* . atfiMB 

as fb * -r ^ jcfc«a»*iifa6fc«*. &£swti$4t<:tt£L % lOkHzottiii 

It, Mfc-*-*/B^;fcl»ft*»**ffl^fcft;W 2 «tt±<JDMfc«FT? 

£ 5 „ W » ft 1 2 2 *5 <fc 1 2 3*WI«fc:Rr*fLT 1 t>» 1 2 1 *i«Lfti^i:ra*0)£ 

[0178] 

*n««2oftw»aft»«iei!ftfii#eas««<oB^tt*»3t-r*fe«)x fi^ft^a 

ilttl, -73> ffl » ft 1 2 1, 1 22, 1 2 3 mfcWL 1 kHzT^ 9* a - X Jt 

1 : lOSJgSBilSitbTlItU «K«f ?nfci^)t©^ssio^ri^it^L 30 
fc„ 3-* 11 1 75"B#P.giSj® LT t > «^ft©3ftltii«tt«*Lft^-3fco 

[0179] 

***«2©ftw®sftB«ssft©^e^««©ffiWifiJiftfcfti5«ieftko^n^ 
h- tm&itm^zrciib, nuftiTSff. w»ft 1 2 10^^11, map ft 1 2 1 

1 2 2 © * j£ fl\ «k tf , SM ®J ft 1 2 1, 1 2 2, 1 2 S^TjSifcTO&^Oli^CO^T 
» ft 7 T ■< * — 1 0 1 . 11. 12, 1 3 A^©ttilt)fe^fi*JtRLfcfci:5, IWtt 
smWftSSHftteW-rs^Uft (* n x h - * ) &£ti l 0 0 0 &ia 2 0 0 0 : 1 (-3 
0&V^L33dB) tjSST'$^/£, 

[0180] 

[S1M3 ] 40 
*ttflf9lK*tt*^f*55-6 1 © IS ■ £ S ({l^ftl 1 0©ft$|iHC*fLT4 5 & ) £ 
IML V tfP3#ft 1 6 1 ©JBtt ()SgKSt5figOfi2) *S«ftfifcS^v»T = ftBB 
Steffi V^Ttf-* L T&£f § C t ic <fc o t\ fi^ftl 1 0O36*K»t5JtB!»f OAS 
£ , tefeif 51^5 l 7 5lO»EBt'iilcIlt5<:i*«T't3. S2SB«»©ft 
tt5 ^ - 6 2 feck 6 3©R«ftfi*ra«fcMRT1J|-C&5o 
[0181] 

£ » fi^fti i oo^fi?@6itLT, ?;(t;7-6 1 ©lit i^mfei, m ft 

U>X7 1 tg <D {4 B # & » -f § c k ic J: -a T , Mftl 1 0 © ft US £ *f -f 3 ft £S 8 © 
15 ft £ , 0*^3 6 OlOSSlt'gftdStSct^T'tS. i82ai6(BO^ft57 
-6 2 6iff6 aoRiffilSfflttESItiCitTfSS. 50 
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[0182] 

imrnm 4 ] 

H5C*V»Tfll*Jlfi*ail2 0 % «f|l**«2 1. 2 2, 2 3 , ^n-f ^;5-5 1 

, 52, 53, 1)16 1/^X1 0, ^77^^- 1 0 0, *3 J: IS % 3 'J ^ - h V>X 3 0 li 

[0183] 

E5cD7tfijai^^K^#^^m^e3Mgst±, ussm i ©S2SBo)ts«iii^9 2 
do, ic, « 1 gio3tK«tii9 1 ossc 3o©jtssaiii^$ri!g^ST' 

ilfrtK a^L. ^-ff" 7 0<Dft8gg]§«#|{C J; o T > 3: fc „ 3 S S O ffil © ft <D m ft & *T © ffl 10 
^^b^tciot, 2 0OHJ«5fc5*7 7^M- 1 0 1, 1 02, 1 03, 1 0 

4 , 13. 14, 15, fei^l 6©8^lRl'\3tSS«f t5fe©T*fe5„ tftti^, II 
W fc tt — » . n?2Hi<OlStLT, nmm(Dfflfflft(D&ji7tf.til(Dm&.'£rt>ltlC£^ 
T, 2 © n mJjfa<DytS&Wm&, 2©ni3l< 1 l©)t8iaf Si«lit§ C !: K J: o 

J <D^jg^^8 5% (fifSStLtO. 7dBil) , ftS&tf<s!JD§x?>4afc T^J§« 

# ft j osi$*8 0% ( ra i . o d bss) sts^, £ t mm vrd§ ^oms m 
6 i . 4 % era 2 . i dB»i) , 3®i:t»«i*)e*5tife»^©tt'&aaa*tt5 

1. 2 % ( 2 . 9dBS8) S2C3g«OMff)ei 2 1, 122, 123© 20 

[0184] 
[« 2 ] 





mm* 






121 


122 


123 






off 


off 


off 


101 


m 


off 


off 


on 


13 


m 
± 

(O 

m 


off 


on 


off 


14 


off 


on 


on 


102 


on 


on 


off 
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on 


on 
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off 


off 


15 




on 


off 
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30 



[0 1 8 5] 

^isa©)tss«fii9 ioiuyXigii?tLts, mmm 1 <omf* t^mic®. 

« 5 3 2 nm©ff)6l 2 1 * Mf 5 Hi C 1 ) ©»»E*3fe*LfcfeJli»raa5*5£J»U' 
[0186] 40 

m 2ms<oytmwmmm9 2 cyt&wmmm 9 1 * z ©Mft 1 1 1 t ssm 

t95 (ft8g*Sn#8Hi 9 1 30^ 6 ©«S3t 2 1 1 US mc ©§&U>7TMfR?£:L 
Ttt, ^fnoi^t, iffii 1 Oi^iHlItC»S 6 7 0 nm©I§ )6 1 2 2 ^Kffit 

(2) <D®m*ftmLrc&m®mftm&mu>xm&mT*m^rco &.&mm*& 

[0187] 

I3g|«^8l«#ll93 ( ft #1 9 2 ?> © Itt 31 ft 1 1 2 £ £ RS WtC £r ) 
, 94 (ra9 2^6©W#Jt2 12fc2SHWK:JSg^). 9 6 (IQ9 5ft»6"Ott»*Z 1 5 

kaw«iL«^) , 97 ofc»«j»««9 5fr5©iS5tifti i 5 £&m&3icm<£i) <omis 
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[0188] 

c c iaa©3eB«*««^6©iB5i3tti:»^-r s»a<o«tt«sa« 9 2 , 93, 

±oTfi^3t*J:tfW»Jtt*BI7 (a) i3«fctf09©{fte5{;:*gS-f£{ii«s r & t> ^ „ 

^t;5-6 lilfo^i 6 liHo^tJt, H8g0!)i©t§-&£[^— tLfc 0 inoio 
(Ct5ttt\ Ma©3tK«#««3!»»60ifi[Jt3t*»* A < , »S© #«.« "I? it Jt 

*fett«#-r*ii fc*»Rrffifc*4. 5t«s«r#««i9 2. 93. 9 7 tc*5v>tt±, on 10 

ffly£(D&i&^tf 0 . 0%iaO. 2%. if)l£8 5 Omn©gii$tf 8 5S^L9 9%t 
CO 1 8 9] 

ESSJ#«#9 4. 9 5, 9 6 K*^Tttv « 2 Cfi»t 5J6B«If it 1 9 1 Of^ i 

nie, mf£l*>X3 l*i*fc«fco"Cfi*ft*J:tfiM»ae*BI7 (b) feitfg 1 OOfi 

fc£*IS.s:*3lcHBL, 5fC ft # 5 9 - 6 1 ft if © ft 1 6 l420**St, USS^I 

z corns tm- 1 Lfco rcKL. yt&wwmm 9 4 , 95, 9 6 tc tug©ftggg]#«i 
m& &x 0 & tire y >y 2 1 2 . 211, 2 1 stfft^sne^ 20 

jnt, uvyttos * A*f-r3/c£K fts&#M« 1 9 1 k. is if 5 e-A»f®y >^ft 
U>xm3 2 1 (02 b) li K ft -p fc » -73> M it it ffi ^ ft 1 l 9©e-A&M 
*t5ftft<oe-il + 7/<yif-3 3 1 (i2 b) (i, «SS«fIi 9 4, 9 5. 9 6 
© & * £ R ^ fc o 
[0 1 9 0] 

c©«fc3K:-r*ci4:Tf % Hu@©7feK^J#*i«^?»©y>^«»r®©7tK«J#7 , 6^^^m 

5. 9 6 fc: 43 V T f± , «-4r©fMffllft©2Sil3Stfl. 0S^L5. 0 % ^ |^l£ 8 5 0 nm 
© it ft ^ & 8 5 4^19 9%tCft5*-5PSi5Lrco 
[0191] 30 

ig 3 s ©«tt«»(B«^6ai*t- sttajt i 13, 114, 1 1 6, 117 

tO^Ttt, JIJI6UyX 4 0 1, 402, 403, 4 O 4 C J: otl)t?n> ffi *t 

if*3t77'f/<- 1 0 1, 1 02, 1 03, 1 0 4 '\AMt5o HI U < tii fcf t 5 ^«S« 
I)t2 13, 214, 216, 2 1 7(CO^ttt, #-ft, *)tb>X 7 3, 74, 75, 
7 6CioTi^$n, BJ»i3f 3e«77>f^- l 3, 14, 15, i 6^»t5. C 

[0192] 

**itflfi4©3ti!ifPsfiM£»«»a!*fli^eas««K*v'»T, mi 4ta3S@o)tss« 

tc a 40 
[0193] 

*nfis^j4©3tsij^^^K^]#S)fe^^es^«©iif^tt*iis6^j 1 corns tmmic l 

T S9 ;£ L £ c 5, &7£S&«^<£«£i:*>, &*51f!l7JB#R9iiiftLT*>, fl *l ft © ?§> Jg 31 
[0194] 

*^SSf!l4©)t$!)®^^I^^JMS)tffi^e3M^B©{lMte^14^^iiE^-«fcJ6, M * * 

S#tttti<B»6ti4*>oft. 
[0 1 9 5] 

**5S^j4©)fcfiJ®lS^K^#S7t(i^e3MS«©8*(Dttl^{i^7teF^©^aXh-^ 50 
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7 7 ■< * — 1 3 , 14, 15, 16, 101, 102, 103, 1 0 4 S> <D Hi M ft 3£ A 
% itn L fc £ £ 3 , IWttSiHW^SSicStStl/Tt u x b - 3ifi« 1 0 0 
04V>l/8 0 0 0 : 1 (- 3 04H39dB) tl^t^oft, 
[0 1 9 6] 

i^mm 5 ] 

tf|| 9 1, 92, 93, 9 4, 95. 96, 97 (fij 2 a S ftttH'2 b CiSt «) 4 
ft77^^-S^I)t8«llii 9 1 0, 9 2 0, 9 3 0, 9 4 0, 9 5 0. 9 6 0, 9 
7 0 (f T03icfi3) iclti^fttOtJS. lyg)fc7r^M-e^l3fcK«liii 
of tEfe^T, &»MilcfeH-Sft&«ieilfll4>«'&&Hiatlc* I*byX3 UifK 
£ o T<I#ft*5 «fc tffMSPft* 0 7 (a) *J<fctfBI9 <£> {S B 5 (cffiStStl, T & ^ . 
»U>X*?o«»iR»MoAWiSK:ifiV''tt«K:i3^TllijiS*e*J:3teBISEL, Htc, 
TXttS 9- 6 1 & H <Dft 1 6 1 & if ©*# £<£> , SI S609 1 © RI - £ L . * tc. M 

E3e7r-fM-«8^iJtB«Ii«iotTti5^T, §&^>XJgfi!ciil^ <D*tfi£, 

mzmm? %Jt7 7 -f^-ofisa, — mffift, * y -< ?,nts. z<Dm&*m%. 

U 1 O^iai OOmtLft. 
[0197] 

K7 7 ^-*£trlc&-3 < MS)t©n^5)f9 fc » fc W SP Jtt ft « 2 1 . 2 2. 2 3 © tti 
Tj^lS&S d £ ic & o T, £H<OM£B«JM*lfc:*sv>T\ & U > X JEJ fig * ? fc A Mir Z> ffl 
»3tO/W-^2 4^L5mWC45 i^HLft, $ fc , ®*§ftftj!l©HJ73t>, 800 

WS*{I^fttf#4ft##^ r 7-K&5i:?f3fi5L/c: 0 

[0198] 

m 3&3<Dyt®wmmm9 3 o . 940. 950, 9 7 0 ©n*ia ft?r 

^^-tn'J^-H/yX^liLtS^f^iil 0 13, 10 14. 1016. 10 1 
7^XM2*£. ftSS9J§£ nrcmmtl*. )t7r^^-i:n'J>t-FUVX41ftLT# 
«§«SS 2 0 1 3, 20 1 4, 20 1 6, 2 0 1 T'xAMStft. 
[0 1 9 9] 

m 3 ic*m&m 5 icistf % 3 mmvfflfflyt i 2 i , 122, 1 23oii»Aitr<Da»^ 

[ 0 2 0 0 ] 

[* 3 ] 
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[ 0 2 0 1 ] 

fc«fcz>\ * ax b-t> ic-o^xmmm 4 <om^tmmicmmL. mm* ^Lmmni±<D& 
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imm±<omm *jmai 

[ 0 2 0 2 ] 

4 m, mm. kksi^t, ^mmm&T- * & zunrnfflmwr- z % 

EvKmrnri? z ivm «« N -9--^-^ ^iso^ 7 > 1 a ate 

[ H ® © ffl * & 6t 9§ ] 
C 0 2 0 3 ] 

[0 1 a] 1 0«K«a«**«**rfc«8SLfcy6M»S3tBS«F#a!)16«^eaS 

[0 1 b ] HS6 0!I 1 E^ffc LTWW«E 

£&$l«<D8IB&#lfi5t0T-;&3„ 

[0 2 a] 2Sra^^SO^K^#ti«O«ll5S«fig0^IS#{bLrffiBSgf5-r-5Jli:*^L 
fc 1 1' £ 5 o 

ft i T 3& S o 

[H3]3t7r^/<-*g*l!©«BI«e««©«ie»J«H*E^ftbTllBlS*E-r«ci: 
[H4]ft«W20«iW»SM6iS«»S'36«^e26««©«««iaBa*E^fbbTW»3i 

[05] **6«aj 4 o«»jiai^jtgs^i#sjteM^ejMse©«iiiiSMfig0*E«fb bTfgns* 

7* L fc 0 T* $> 5 o 

[07] gH/vXtfiiJti^^i^o^oi^^^iLftit-ss,, 

[08] e-2*^xx h ©ffi«*3tRiR*l»© £-AA»flJi£« (a) g (i ffl ftHRI & ft 

o 

[09] lf-A^XXhOffi«**»lR«at©lf-AA»«lifi«K:»iaELfe*-&K4Btt« 
[0 1 0] e-A^XXhOffl«**»iR»JHOVf-Affla#«5fi«K»iaELfc«'&Ki3» 

[01 1] n&u^xjg^iR^oMiawjBW^LfcwaH-ea&ao 

[01 2] ftU>X&AiR?0*rtffl%0|ji%Lfe>riBH-ff$«. 

[01 3] m^fte-^ffifficDft&mttftmmicm^rcxv v b tft\£-i±t<DM&*7K 
[01 4] i/ ir -piR^^nfc^f x tr- A0>*&i&ftic*»? sal?** Lfc« 

[0 1 5] ^i/DXn-yt'g^LfeBa^feitfi^^Ol^^ILfcIT'SSo 

[01 6] * isu xn-7T-mmLrcffiwyt$5 &um^y£<DWimzmLrcmT-&2> 0 

[0 1 7] frJSPft^Sff^f SJl&Stftg&^if StifcM^ftO&fi (SHR) ©W^fcSiU 

fc 0 "P § 0 

[0 1 8] W^TfecDlf-A^fScD^^fi^^^SLfcET-^So 
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